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Upper Libby Creek Stabihty Analysis and Recommendations 
Director: Vicki W atson ^
The US Forest Service and the Montana Department of Fish, Wildhfe and Parks propose to 
develop a restoration plan for Libby Creek located in northwestern Montana. The purpose of this 
study includes: providing a baseline of current creek conditions; evaluating causes o f instability in 
the creek and the creek’s recovery potential; and recommending restoration efforts.
Current channel conditions w ere evaluated by field surveys, relative stabihty aneJysis, and an 
analysis of pool spacing and density. Historic impacts of mining, riparian logging, and upland 
logging were assessed from Hterature reviews, interviews, historic aerial photos, and equivalent 
clear cut analysis. Historical response of the stream to human impacts was judged based on the flood 
records of nearby streams, historic aerial photos, historical changes in canopy gap, and historical 
changes in sinuosity.
Upper Libby Creek is unstable except for the reaches near the Gold Panning Area. Much of the 
unstable reaches have eroded banks, unvegetated mining tailings, and massive deposits of eroded 
materials. These channels were classified as D3 and D4 stream types, following the Rosgen 
classification system. Relative stability analysis indicates low mobihty of larger particles at the 
bankfuU stage. The reaches below mining sites have much longer pool spacing than those above 
mining sites.
Mining and riparian logging appear responsible for much of the creek’s instabüity. Historic upland 
logging appears unlikely to  have increased water yield enough to  destabilize the creek. The creek 
could eventually recover by itself because reoccurrence of these impacts is unlikely. However, the 
creek hasn’t recovered in the 50 years since the mining and riparian logging ceased. Hence natural 
recovery may be unacceptably slow.
1 recom m end the following approaches for the restoration project. Mining tailings should be 
removed from mining sites, because the tailings are major sediment sources. Temporary bank 
stabilization structures should be placed along eroded banks. These structures should be designed to 
trap sediment to promote floodplain formation and channel narrowing. Suggested structures are 
described in the thesis.
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1. INTRODUCTION:
The Libby Creek watershed of northwest Montana (Figure 1) covers about 250 square 
miles and has been disturbed by human activities, such as mining, logging and road construction. 
Tile Montana Departm ent of Fish, Wildlife & Parks (FWP) and the Kootenai National Forest in 
Libby, MT, plan to restore Libby Creek, because it is thought that human actions have increased 
erosion and sedimentation, resulting in flood problems in the lower watershed (Hudson, Pers. 
Comm. 1999). i'o be successful, stream restoration plans must consider the stream’s natural 
flooding behavior and how the stream is recovering from historical disturbances. This study will 
analyze historic disturbances and available watershed information to provide guidance to the Libby 
Crock restoration.
Human activities in the watershed have likely disrupted the natural equilibrium of Libby 
Creek. Placer mining has occurred intermittently all along the creek since 1864. From the 1900s 
to the 1950s, some stream channels were heavily disturbed by hydrauhc mining (Miss, 1994). 
Logging has occurred in the watershed since the early twenty century, and forests along lower 
Libby Creek were heavily clearcut between the1900s and the 1950s (USDA Forest Service, 1996).
Although it seems likely that such widespread land disturbances have negatively affected the 
channel’s natural equilibrium, it is no t clear which disturbances had the greatest effects and to what 
degree the strearn has recovered. Hydrauhc and placer mining often raise the streambed with 
sediment (aggradation), causing the stream to cut new channels through this raised bed 
(degradation). As a result, the channel type often changes from a single, meandering channel to 
many braided channels (Adler, 1980; James, 1991 ; Knighton, 1989) with changes in stream shape, 
sinuosity, and pool density (Lisle, 1984; Rosgen, 1996). Land disturbance (logging, roading) can 
temporarily increase water yield from disturbed watersheds (Megahan, 1983; Anderson et al., 
1976). The increased streamflow and increased peak discharges can accelerate streambank erosion
and contribute to the cycle of aggradation and degradation. Thus, it is difficult to distinguish the 
effects of upland disturbance from instream modifications caused by hydraulic and placer mining. In 
addition, several moderately large floods occurred in Libby Creek in the winter of 1974 and 1996 
(The W estern News, 1974 ; Morris, 1996). Such floods can produce channel changes similar in 
some ways to  those produced by human disturbance.
This study will attem pt to sort out the contribution o f these na tu r^  and human-caused 
sources of channel instability on Libby Creek. Restoration projects which have bank stabilization as 
a major goal must allow for natural flooding and m e^d erin g  and must also consider the degree to 
which the stream has recovered from past disturbances. In addition, it is unreasonable to try  to 
stabdize the creek if ongoing watershed disturbances are still destabilizing streambanks. Under 
these conditions, bank stabilization will likely fail and /or cause other problems.
This study focuses on Libby Creek and its upper watershed, particularly some heavily 
mined channels located on privately owned lands. Mining activities were largely confined to the 
upper watershed (colored blue in Figure 1). Although logging occurred along the lower stream 
channels from the 1900s to  the 1930s (USDA Forest Service. 1996), the forest has re-established 
since then. Logging and road building have been concentrated in the upper watershed since the 
1950s. Therefore, it is reasonable to focus on the upper watershed and the upper stream channels 
where historic mining and recent logging occurred.
Study Purpose and Objectives
The purpose of this study is to  provide information to the US Forest Service and the 
Montana Department of Fish, Wildlife & Parks that would assist them in better designing 
restoration actions for Libby Creek and in evaluating the effectiveness of restoration efforts in the 
future.
This study attempts to address the following questions :
1. W hat are current channel conditions, including channel stability, stream morphology, the 
mobility of larger particle sizes at the bankfuH stage, and pool density and spacing?
2. W hat human impacts have occurred in the upper Libby Creek watershed? W hen did large flood 
events occur since human disturbances? H ow  have such human actions and floods affected the creek 
in term s of long term  stream width and channel pattern? Are these human impacts likely to increase 
or decrease m the future? To what extent has the  stream already recovered from  historic impacts?
3. W here would bank stabilization measures best speed the stream’s return  to  a more natural 
equilibrium and minimize chances of other problems, given current channel conditions and historic 
human impacts on the stream? W hat kind of structures can help to  restabdize the creek without 
causing other prcd»lems?
2. APPROACH:
Addressing the questions described in the introduction consist ol" three ditterent approaches.
(1) Assessing Current Channel Conditions
Allbough upper Libby Creek is considered unstable because of wide and braided stream 
channels, there is httle quantitative information available concerning current channel conditions. 
The stability o f channels cmi be evaluated quahtatively by observing the channels. If much of the 
channel is lined w ith eroded stream banks and h ttle  binding rootmass and their major channel form 
is braided and filled w ith sediment, these characteristics suggest stream instabüity. If mining tailings 
are süü being eroded, hisiofieai mining aciivilles are still affecting the stream. Thus, field 
observations of such features help assess current channel conditions.
A “stable” stream usually maintains a fairly constant morphology (dimensions, pattern, and 
profile) without net aggradation or degradation, although it may change course over the long term . 
In contrast, an unstable stream tends to change channel morphology frequently (Rosgen, 1996). 
Stream dimensions refer to the cross-sectional channel geometry, stream pattern refers to the 
channel shape as seen from the air, and stream profile refers to  the sequential shape of the deepest 
part o f the streambed (thalweg) in jx>ols and riffles. Therefore, these aspects of channel 
morphology can be used as indices o f the stability o f a stream. Because there is little long-term data 
avaüable concerning the channel morphology of Libby Creek, it is difficult to  compare current 
channel morphology w ith past channel morphology. However, it is possible to classify stream 
channels following Rosgen’s dassiftcatlon system and to  compare the morphology of stream 
channels on the creek with the range of typical values Rosgen has found on stable streams of these 
types. The comparisons can suggest the degree of channel stabüity.
The stability o f a stream is influenced in part by the mobüity of larger particle sizes. If 
larger particles are moved by the streamflow at the bankfuli stage, the streambed can be unstable
(Olsen et al., 1997), resulting in dramatic changes in channel morphology. The bankfuli stage 
refers to the level of streamflow which is no longer confined within the channel. Because the upper 
Libby Creek watershed has been affected by human activities including mining activities, riparian 
logging, and w a te r^ ed  logging, it is useful to  assess current channel stability by evaluating the 
mobihty of larger particles. If the mobility of larger particles is high at the bankfuli stage, the creek 
is likely to  change channel course frequently, because bankfuli discharge is the discharge that 
typically occurs within 1.5 to  1,8 years recurrence interval (Rosgen, 1996). I will quantify the 
mobihty of larger particle sizes on some reaches of Tibby Creek using a methodology developed by 
Olsen et al., (1997) to assess the channel stabihty at bankfuli stage.
Deposition of a large amount of sediment can cause a decrease in  pool density (pool 
num ber/a  given stream length) and pool- to- pool spacing (Lisle, 1984). Because sediment supply 
from the mining sites can change pool density and pool spacing, the measurement of longitudinal 
stream profiles should indicate the extent of sedimentation from mining sites. The measured stream 
reaches include stream reaches above and below historical mining sites.
(2) (A) Assessing Historic Human Actions
Some stream channels and their adjacent land area were directly disturbed by hydraulic 
mining operations (Miss, 1994). Because these activities probably substantially affected the upper 
creek, it is important to  investigate where, when, and how these activities occurred.
■Riparian logging along the creek also probably impacted the stabihty o f Libby Creek, so the timing 
and location of this logging will be assessed. Large areas on the upper Libby Creek watershed were 
logged since the 1950s, and such activities often affect water yield increase. Therefore, I will use 
equivalent clearcut analysis to analyze potential effects on water yield increase based on logging area 
and road miles on the watershed.
(2) (B) Assessing Channel Response
Floods can cause major channel changes. Because the creek has been gauged by the Forest 
Service only for short time, the streamflow data are too short to  determine historic flow patterns. 
Therefore, streamflow data from nearby watersheds will be used to  construct the likely recent 
flood history of the creek.
Mining activities, riparian logging, and watershed logging all have similar stream impacts. 
However, it is possible to speculate on the locations of sediment sources by observing changes in 
channel vsddth and pattern of these sites on aerial photos and relating these to upstream human 
activities. Thus, I wiU an^yze aerial photos and describe historical changes in stream width and 
channel pattern quahtatively.
Floods can greatly change channel width unless sidehills and bedrock coniine stream 
channels (Grant and Swanson, 1995). If floods alter stream channel width, canopy gap over the 
stream can increase (Ryan and Grant, 1991). If flood disturbances decrease over time, canopy gap 
will decrease with the re-establishment of vegetation. Therefore, noting changes in canopy gap over 
tim e helps in evaluating effects of floods on stream  channels and subsequent recovery of the 
channels.
Changes in sediment supply can result in changes in sinuosity (the ratio of channel length to 
valley length). A decrease in sinuosity usually indicates an increase in sediment supply, while an 
increase in sinuosity suggests a decrease in sediment supply (Schumm, 1969). Changes in channel 
sinuosity will be noted by analyzing historic aerial photos.
The likelihood of a future decrease in human impacts will be based on whether logging 
(riparitUi and watershed) and mining activities are expected to decrease in future.
The recovery of upper Libby Creek depends on in part the timing of large flood events 
following disturbances. Streams eventually recover from disturbances unless tlie disturbances are
maintained or increased, although a large flood may set recovery back. Therefore, I will attem pt to 
evaluate whether there have been large floods since human watershed disturbances have occurred.
(3) Recommendation for Locations and Types of Bank Stabilization Measures
Stream reaches which are likely to benefit from stabiÜzation measures will be assessed by 
noting reaches most affected by historic human impacts and reaches of the greatest instabihty. The 
m ost impacted reaches by human activities will be based on human impacts assessment, and the 
stream channel with the greatest instability wifi be evaluated based on current channel conditions.
Tn addition to  identifying the most disturbed stream reaches, Î  will propose methods of 
stabilizing these reaches. These methods are based on research concerning bedload movement, the 
relationship between channel narrowing and flood plain form atian, and restoration projects in 
mined streaims.
3. STUDY AREA;
The following description ot the study area is mostly summarized from the Kootenai 
National Forest Area Land System Inventory (USDA Forest Service, 1984).
Physiography
The upper Libby Creek watershed is located west of the Continental Divide, within the 
N orthern Rocky Mountain Physiograj^c Province. The watershed, a part o f the Cabinet 
Mountains, was shaped by two different glacial activities. The U-shaped steep valleys and sharp 
alpine ridges of its headwaters were formed by alpine glaciers. In contrast, the low er portion of the 
watershed m s shaped by comiaeniai glaciation activities and Ms wide vîdieys w ith  a gentle slope. 
The lower part was once inundated by Glacial Lake Kootenai, so the gentle slope is partly 
attributable to  sedimentation that occurred while the lower part was covered with water.
Climate
Both Pacific maritime and continental climates dominate the climate of the watershed. It is 
generally cloudy, cold, and wet in the winter, and dry and warm in the summer. Both rain and 
snow can occur in w inter. W hen the Pacific maritime weather front meets with continental 
weather over high mountains, it rains continually for a few days. On the other hand, when air with 
moisture comes from the Pacific after cold arctic air from Canada has dominated the local area, 
deep snow falls. Peak flows usually occur in May and June because of the spring snowmelts. 
However, peak flows resulting from the rain-on-snow in winter are much higher than those 
associated w ith spring snowmelts. These relatively uncommon events can result in severe floods.
The average annual precipitation in the upper Libby Creek watershed ranges from 20 
inches to 100 inches depending upon the elevation of the watershed. Average annual precipitation 
at Libby (elevation 2080 feet) is 19.4 inches. The Cabinet Mountains have about 60 inches average 
annual precipitation, and the east side of the mountains has much less precipitation due to  the rain
shadow effect. The average tem perature, average maximum temperature, and average minimum 
tem perature at Libby are 45.1, 88, and 28 degrees Fahrenheit, respectively based on about 70 years 
o f record (W egner, Pers. Comm. 2000).
Geology
The geologic history of the watershed can be simplified by the following four important 
factcws: be<h‘odc fcnrmation, mountain formaticwi, glaciad influences, and the fadl o f ash from the 
Cascade Range.
^Northwestern Montana was once on the bottom  of a great shallow basin called Belt Basin in 
Precambrian time (more than 600 mdhon years ago). Sand, silt, clay, and carbonate materials were 
deposited at the bottom  of the basin. The sediments w ere compressed and changed into 
sedimentary rocks thousands of feet thick. Later the thick rock was partially metamorphosed by 
heat and pressure to  form the Belt Rock. The Libby Creek watershed is underlain by the Belt Rock.
The headwaters of the Libby Creek watershed contain two major faults; Bull Lake Fault 
and Rock Lake Fault. The faults run from the north to the south along the Cabinet Range, which 
was lifted up along the faults.
Northwestern Montana was affected by glaciation during the Pleistocene (1.8 million years 
ago to 10,000 years ago), and glacial activities have largely inffuenced local land forms and the 
character of surface materials, The lower p<u*t of the Libby Creek watershed was affected by the 
continental glacier, the Cordilleran Ice Sheet, which is the most recent ice sheet, while the 
headwaters part of the waterdied has been influenced by alpine glaciation. The iqyper part of the 
watershed was scraped clear of everything but bedrock by alpine glacial activities, while the lower 
part was covered with gravel, glacial till, and glacial lake silts.
Igneous activities near northwest Montana have also influenced local landforms. For 
example, ash from the Mount Mazama (present Crater Lake in Oregon) covered the local area
about 6,700 years ago. Mount St. Helen’s eruptions have produced ash falls that have covered large 
areas, Including this area, for 3,400 years.
Hydrology
Streamflow is flashy and dominated by spring snowmelts, but rain-on-snow events 
frequently happen in winter, producing the highest streamflow records. There is no gauging station 
on the libby  Creek w aterA ed. Consequently, fliere is no formal streamflow record. However, 
when the Kootenai National Forest measured the amount of bed load in the spring of 1999, they 
also measured streamflow at the Hiÿiway 2 bridge, which is located on the northeast end of the 
upper watershed. The streamflow records indicate that the bankfidl discharge is approximately 
1,060 cfs at tha t site (W egner, Pers. Comm. 1999).
Vegetation
Because this study focuses on upper Libby Creek and its adjacent area, the description of 
vegetation focuses on iandtypes located on or near the stream. A watershed consists of various 
landtypes (units of land with similar soil, vegetation, geology, topography, climate, and drainage). 
Land features are influenced by the above factors. For example, even if two aâ eas contain the same 
soils, elevation difference may result in vegetation difference. Even if the areas have the same 
geologic history , differences in climate may result in different soils. Therefore, it is necessary to 
delineate landtypes which reflect soil, vegetation, geology, topography, climate, and drainage. 
Vegetation and landforms on the selected landtypes on/near the stream are summarized in the table 
below.
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Table 1. (Selected Major Landtypes, Major Vegetation, and Landforms on Upper Libby Creek)
Laudtypc Major Vegetation Landform
102 western redceder/ queencup 
beadlily & western 
hemlock/queencup beadlily
Well- drained Alluvial 
Terraces
103 western redceder/ queencup 
beadlily & western 
hem lock/queencup beadlily
Silty Lacustrine Terrace, Moist
322 western redceder/ queencup 
beadlily & western 
hem lock/queencup beadlily
Clayey Glacial Till with Loess 
Deposit
352 western redceder/ queencup 
beadlily & western 
hemlock/queencup beadlily
Deep Glacial Till with loess 
Deposit
407 Subalpine fir/menziesia & 
Subalpine f ir / queencup 
beadlily
Deep and Concave Alpine 
Valley Till
(Source: USDA Forest Service, 1984)
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4. METHODS:
Current channel conditions are assessed using : (I) field survey, (II) stream morphology,
(III) relative bed stability analysis (RBS), and (IV) pool density and pool spacing analysis. Human 
impacts are assessed by evaluating (V) mining history, (VI) riparian logging history, and (VII) 
watershed logging history using Equivalent Clearcut Area analysis (later EC A). Channel response to 
these human impacts are assessed by evaluating : (VIII) flood history, (IX) channel change history,
(X) canopy gap history, and (XI) sinuosity history. The last three evaluations (from IX to XI) are 
based on historic aerial photos.
(A) C urrent Channel Conditions
(I) Libby Creek Field Survey
The objectives of this field survey are to describe and evaluate channel stability 
qualitatively. I walked upper Libby Creek two times from the confluence of Bear Creek to  the Gold 
Panning Area to examine current channel conditions in July and August of 1999 (Figure 2). My 
field observations include channel type (single or braided), extent of streambank erosion, growth of 
riparian vegetation (willows and cottonwoods) on floodplains, width of floodplains, depositional 
features, and valley type (wide or narrow). In addition, pictures were taken along the stream 
channels.
(II) C urrent Channel Morphology
By measuring stream morphology, I can compare observed values to those Rosgen has 
found in relatively undisturbed streams. I assisted the Montana Department of Fish and Wildlife & 
Parks in setting up cross sections in representative sites to measure channel conditions (Figure 2). 
Aerial photos helped in the selection of general locations for the cross sections, bu t not exact 
locations. Because I wished to  evaluate the impacts of historic mining operations on the creek, the 
cross section sites included both sites with and without a history of mining.
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Stream morphology field surveys were conducted to  characterize stream channels on the 
upper main channel in the summer and autumn of 1999. I used Rosgen s methods of surveying and 
classifying stream types at each cross section (Rosgen, 1996). I measured longitudinal profile, 
bankfuli width, and flood-prone area width, calculated bankfuli area, mean depth, and 
entrenchment ratio, and characterized particle size distribution.
Field procedures included identifying bankfuli elevation, measuring cross sections and 
water surface slope, and performing pebble counts using W olman (1954) procedures. The field 
procedures are explained briefly. The bankfuli features in relatively wide channels were mainly 
identified by a change of bank slope from mainly vertical to mainly horizontal and the lower edge of 
perm anent vegetation. The bankfuli marks in incised channels were identified by the lower 
elevation of perm anent vegetation and roots exposed by erosion (Rosgen, 1996). All cross sections 
were set up in riffle sections, and two steel rebars (4 feet long and 0.5 inch in diameter) were 
located on left and right terraces or mining tailings. After stretching a measuring tape between the 
rebars, I measured cross sections to record the distance (usually from a left rebar) and elevation at 
each prom inent land feature using a rod and laser level. Land features included elevations of 
bankfuli indicators, edge o f water, thalweg (the deepest point at a cross-section), and locations with 
major elevation changes. The water surface slope was measured by stretching a measuring tape 
above and below each cross section (about tw o to  three times the bankfuli width) to find elevation 
difference using a rod and laser level. The pebble counts procedure consists of wading into a stream 
channel and picking up streambed materials touched by an index finger at a constant distance for 
one’s foot when one stops at random points. The intermediate axis size (B-axis) of the particles was 
measured by a ruler and recorded in mm until at least 100 particles were measured. Sample grid 
system was employed for the pebble counts as Olsen et al., (1997) recommended.
The terms used to describe stream morphology are explained here. They are all from 
Rosgen*s “ Applied River Morphology” (1996). Bankfuli width (BFW) is “the width of the stream 
channel, at bankfuli stage elevation, in a riffle section”. Bankfuli area (BFA) refers to  “the area of 
stream channel cross-section, at bankfuli stage elevation, in a riffle section”. BankfuU depth (BFD) is 
the “maximum depth of bankfuli channel cross-section.. . ,  in a riffle section”. Flood-prone area 
width (FPW) is the stream width when the stream channel is filled with water that is twice 
maximum depth (BFD). Entrenchment Ratio (ER) is the ratio of flood—prone area width (FPW) to 
bankfuli channel width (BFW). W ater surface slope (S) is the local water surface gradient in a riffle 
section. The equations to  calculate mean depth (MD) and w idth/depth ratio (W DR) are the 
following:
Mean depth — BankfuU area (BFA)/BankfuU width (BFW)
W idth /dep th  ratio — bankfuU width (BFW)/bankfuU mean depth (MD)
(III) Relative Bed Stability (RBS) Analysis
The objectives of this analysis are to evaluate the mobiUty of larger particle sizes at the 
bankfuU stage and to assess the stability of channels on upper Libby Creek. The evaluation is useful 
in assessing current channel conditions, because high bedload mobility would display the instability 
of the streambed, suggesting the high possibility of bank erosion and channel migration unless 
stream channels are confined by bedrock and a steep valley. The relative bank stability index (later 
RBS) was used instead of the direct measurements of bedload movement, which are very difficult 
and impractical because of time constraints and poor accessibility. In contrast, the RBS procedures 
are relatively easy and many samplings are possible.
Olsen et al. (1997) proposed a methodology to evaluate streambed stability thresholds 
quantitatively under the assumption that a stream channel can become unstable when the largest 
particles are moved at the bankfuU stage, and this assumption is supported by many scientists
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(Olsen, 1993), Several studies have used D84 as a critical particle size in evaluating the bed 
stability, and D84 refers to  the particle median axis for which 84 % o f the particles are finer in the 
particle distribution at a given cross section.
Two approaches are used to examine bed stability: the Shields Criteria or the Discharge 
Criteria (Olsen et al., 1997). Basically, both these calculated RBS indices based on these criteria 
show the degree of the bed stability at the bankfuli stage. W hen the Shields Criteria are used, the 
RBS index is the ratio of the critical shear stress to  the bankfuli shear stress. The critical shear stress 
is the shear stress necessary to  move the critical particles, and the bankfuli shear stress is the shear 
stress at die bankfuli stage. W hen the RBS index is 1 or lower, the critical particles are likely to  be 
moved, indicating the high mobility of critical particles and the low channel stability. In contrast, 
the larger the ratio becomes, the more unlikely the larger particles are to be moved, suggesting the 
low mobility and high channel stability. W hen the Discharge Criteria are used, the RBS index is the 
ratio of the critical discharge to the bankfuli discharge. The critical discharge is the necessary unit 
discharge to  move the larger particles, and the bankfuli discharge is the discharge per unit width.
Methods for RBS analysis consist of field investments and calculations that use certain 
constant values to  assess bed stability (Olsen e t al., 1997). The field procedures (explained in the 
section of the channel morphology) consist of measuring channel cross sections, water surface 
slope, and characterizing particle size distribution. The calculation procedures for the RBS index 
are explained in detail by Olsen e t al. (1997), and will be only briefly summarized here.
In evaluating the bed stability using the Shields Criteria, the first step is to calculate bankfuli shear
stress (T) using the following equation:
T=pgRS
IS
(p.- density of the water, g: acceleration due to  gravity, R: hydraulic radius, and S: water surface 
slope)
The second step is to calculate the dimensionless shear stress (T*ci) to move D84 particle size using 
the following equation:
X*ci = 8 (0 8 4 /0 5 0 )"
(0: the Shields dimensionless coefficient when 0 i / 0 5 0  =  1 (when no  exposure and hiding effect 
exists) , 0 8 4  and 0 5 0 : 84th and 50th particle size in the particle size distribution, respectively, and 
X: the degree of the decrease of the dimensionless shear stress (X*ci) as relative particle size 
increases due to  exposure effects)
The th ird  step is to  calculate critical shear stress (Xo) to  m ove 0 8 4  particle size using the following 
equation:
Xci =  X*ci (pS'P)g 0 8 4  
(ps and p; the density o f sediment and water, respectively).
The last step is to calculate the ratio of the critical shear stress (Xci ) to move 0 8 4  particle size to 
bankfuli shear stress (X), Following Olsen e t al’s recommendations, I used 0.045 and — 0.7 for 0 
and X, respectively.
In using the Oischarge Criteria, the same data are collected from field survey. The first step 
is to calculate the bankfuli discharge using a com puter software, WinXSPRO (USOA, 1997), which 
supplies Throne and Zevenbergen’s and Jarrett’s resistance equations, and both the equations were 
used to  calculated the bankfuli discharge. The second step is to calculate the unit discharge by 
dividing the calculated discharge value by the bankfuli width. The third step is to  calculate unit 
discharge to move 0 5 0  particle size using the following equation:
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0 5 c  I 12Q50 = 0.15g D50*’S
(g: acceleration due to gravity, D50; 50th particle size in the particle size distribution, and S: water 
surface slope)
The forth step is to  calculate the critical discharge (Q  ci) to  move D84 particle size using the 
following equation:
Q d  =  a(D 84/D 50)b
(a: critical unit discharge to  move DSC, and b: the degree of the increase of the critical unit 
discharge as relative particle size increases)
The final step is to  calculate the ratio of the critical discharge to move D84 particle size (Q d  ) to 
the unit discharge for the Unit Discharge Criteria. I used 0.5 for b.
Because the calculation procedures generate two different RBS indices (the RBS indices for 
the Shields and the Unit Discharge Criteria) at each cross section, it is important to  dedde which 
value should be used in evaluating bed stability. Olsen et al. (1997) suggest using only the Shields 
Criteria when the w ater surface slope is 0.0025 o r lower, and the using only the Discharge Criteria 
when the slope is equal to o r m ore than 0.02. They also recommended using the lowest RBS index 
value (usually results o f  the Shields Criteria) to rate the stability of streambed.
(IV) Pool Density and Pool Spacing Analysis
The purpose of this analysis is to  assess the difference of sedunentation between the stream 
channels above and below major mining sites. If the degree of sedimentation below major mining 
sites is still much greater than that above the mining sites, the difference in sedimentation suggests 
persistent effects of the mining sites in term s of supplying sediment. This analysis measures 
longitudinal profiles at the deepest points along a stream channel, above and below major mining 
sites (Figure 2), and plots the data to reveal streambed configurations. A pool is a channel feature 
that is concave when the data are plotted. Pool numbers were counted at each measured channel
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and the values were converted to  the num ber/m ile (pool density). Pool to pool spacing is the 
observed distance between pools along the measured channel.
(B) Human Impacts
(V) Mining History
The objectives of this analysis are to  identify sediment sources that likely contributed to the 
instability o f upper Libby Creek. Because placer and hydraulic mining were most likely major 
contributors to  channel instability on Libby Creek, I investigated the creek’s mining history with 
old photos, literature review, and interviews with local people. Because of time constraints, this 
analysis only focuses on the history o f some mining sites, including Liberty Placer, Vaughan and 
Greenwell Placer, Libby Placer, and Howard Placer located on the upper watershed (Figure 3).
(VI) Riparian Logging History
The purpose o f this analysis is to  discover the timing and locations of riparian logging, 
because that activity was also a likely significant contributor to the channel instabihty on Libby 
Creek. Lands located along the upper main creek are mostly privately owned, so the Forest Service 
has few historical sources to investigate the activities except historical photographs. I examined the 
historical photographs owned by the Forest Service to find timings and locations of harvest activities 
near the stream (Figure 3).
(VII) W atershed Logging History
The objectives o f this analysis are to  estimate historic water yield increases resulting from 
logging and road construction, to  evaluate the degree of logging effects to the stability of Libby 
Creek, and to  assess the trend of the effects over time. In general. Equivalent Clearcut Area (ECA) 
procedures consist of estimating the relationship between average annual precipitation and average 
annual water yield under undisturbed conditions and estimating the likely increase in the average 
annual water yield by elevation zone after harvesting. Harvested areas, including roads, clear cuts.
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burned areas, and partial cut areas, are all converted to  equivalent clearcut areas. As vegetation 
regrows, the ECA decreases. The estimated increase in the annual water yield is divided by months 
over the snowmelt season to  estimate the increase in the highest monthly water yield. (King,
1989).
The Kootenai National Forest Service has used the ECA to  evaluate the water yield increase 
following harvest. W hen the Forest Service makes forest harvest plans, they has used the WATSED 
Model (a com puter model) to estimate the ECA for assessing the water yield increase using several 
kinds of data including land use, soil, precipitation, roads, aspect, elevation, and other varis^les. 
The Model was designed for use in watersheds under SO square miles. It takes 2-3 weeks to 
calculate the ECA even if the model is used, because the model needs exact data. To save tim e, the 
Forest Service has recently developed a new computer model to  estimate the ECA using average 
values of the same variables. The new model uses the same calculation processes as the WATSED 
model uses, which is based on water increase following harvest and vegetation recovery. Vegetation 
recovery refers to  the re establishment of 3-4 feet high vegetation after harvest activities. The 
estimated ECA from the new  model may be less accurate than those predicted by the WATSED 
Model, bu t the accuracy o f results o f the new model was validated by comparing results o f the 
WATSED Model with those of the new  model in numerous watersheds in the Kootenai National 
Forest. The difference in calculated ECA values between them is only 1-2 % (W egner, Pers.
Comm. 2000).
The steps to  estimate the water yield increase in the upper Libby Creek W atershed are the 
following: first, the ECA values from vegetation removal in each decade (between the 1950s and 
the 1990s) w ere calculated by the Forest Service using the new  com puter model. Then the ECA 
values from  road construction in each decade w ere also calculated by assuming that road length in  
each sub-watershed was prop>ortional to the ECA values from vegetation removal, because there
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was little historical data regarding road building (W egner, Pers. Comm. 2000). For this analysis 
“roads” refers to roads to convey cut logs, and skid trails are not included. The road length in each 
sub-watershed was proportionally weighted in accordance with ECA values (rœn harvesting in each 
decade until ECA values from harvesting reached their peaks in each sub-watershed. Once ECA 
values reached their peaks, it was assumed that ECA values from road construction remained 
constant after that (no road constructicm). The ECA values from road construction were equal to  4 
ECA per mile, which have been used to calculate the ECA from road construction by the Kootenai 
National Forest Service (W egner, Pers, Comm. 2000). Because the upper watershed contains some 
private lands, the ECA values from harvest activities on the private lands w ere also added to  the 
ECA values on the National Forest land. After each ECA value from loggmg and road construction 
was calculated, both the ECA values were surmned to  calculate the water yield increase in the 
average monthly w ater yield.
The water yield increase for each decade was csdculated based on a water yield increase and 
vegetation recovery model developed by the Kootenai National Forest Service. The Forest Service 
has found that 1,599 ECA on average were required to increase the average monthly peak flow by 1 
% , and that 378 ECA recovery on average would occur per year after harvesting for the upper 
Libby Creek watershed (W egner, Pers. Comm. 2000). For example, since the total values of ECA 
in the 1970s were 4,151, the values were divided by 1,599 to produce 2.6 % increase in the 1970s 
(Table 10). The 4,151 ECA would decrease to 371 ECA in the next decade by recovering 3,780 
ECA (378 ECA recovery/year times 10), and the 371 ECA is added to the new ECA in the 1980s.
(C) Channel Response
(VIII) Flood History
The objectives of the flood history evaluation are to  identify timings of past floods and to 
speculate on the amount of streamflow Libby Creek might have had. Streamflow data on Libby
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Creek began to be collected by the Forest Service in 1995 (W egner, Pers. Comm. 2000). Hence, 
the record is too short to determine size of floods and their long term  return frequency or to 
evaluate effects of floods in timing of changes in channel pattern. However, nearby Granite Creek’s 
flow record goes back to 1933. Several nearby watersheds (BuU River and Flower Creek) have 
longer flow records. So I investigated these four watersheds to find out whether their flood history 
is likely to be similar.
These four watersheds are similar in geography, geology, climate, topography, and 
vegetation. Table 2 shows some of similarities and differences, including differences in aspect, 
drainage area, major rock types, and average annual lowest precipitation. However, they have the 
following common features: all of the watersheds are located in the Cabinet Mountains and affected 
by mountain glaciers and continental glaciers. Debris deposited by the glacial activities has 
accumulated along the valley walls and bottoms in the most of headwaters area. Glacial tills, 
consisting of rounded boulders, gravel, sand, and silt, are generally deposited below the valleys. 
Timberline is located approximately 7,000 ft. (2,100 m ), and dense forests grow below that 
elevation. Valleys are quite steep at the headwaters of the watersheds, but usually covered with 
vegetation (USGS and USBM,1981). Therefore, it is assumed that year to year flow patterns are 
similar among the watersheds.
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Table 2 Comparison of Watershed Characteristics among Bull River, Flower Cr., Granite C r., and Upper Libby
Bull River. Flower Cr. Granite Cr. Upper Libby Cr.
DA Mile^ (km^) 139(360) 11.1(28.7) 23.6(61.1) 90.1(233)
F 225 80 80 45
UB W ,SR,Re,P,B W ,SP
(some granite 
rock intrusion)
W . (some granite 
rock intrusion)
B,P,W
MRT A,S,L,D,Q, A,S,L,D A,S,L,D A,S,L,D
HE ft. (m) 8,738 (2,663) 7,701(2,136) 8,738(2,663) 7,938(2,419)
ME ft. (m) 4,400(1,350) 5,700(1,700) 6,000(1830) 4 ,400(1,350)
LE ft. (m) 2,202(670) 2,866(873) 2,780(847) 2,788(850)
HP in.(cm) 100 (250) 100(250) 100(250) 100(250)
LP in. (cm) 30 (75) 20(50) 20(50) 20(50)
DD (mile/mile^) 2.3 2.28 1.89 1.52
(Source: USDA Forest Service, 1984; USGS and USBM, 1981; http : /  /  waterdata. usgs. G ov/ 
nw is-w / MX; MacDonald and Hoffman, 1995)
DA: Drainage Area (upstream areas above gauging stations and the drainage area above Highway 2 for
the upper Libby Creek)
F: Facing Degree (aspect).
UB: Underlying Bed Series (B: Burke Formation, P: Prichard Formation, SR: St. Regis Formation,
W: Wallace Formation, SP: Striped Peak, and Re: Revett Formation)
MRT: Main Rock Type (A: argillite, S: siltite, L: limestone, D: dolomite, and Q: quartzite)
HE: Highest Elevation, ME: Mean Elevation (from hipsometric curves), LE: Lowest Elevation (elevation
of gauging stations),
HP: average annual highest precipitation, LP: average annual lowest precipitation.
DD: Drainage Density (miles/DA)
Figure 4  indicates the historical values of peak streamflow (highest discharge (cfs)/ drainage 
area (miles^)) based on USGS data. Although the peak streamflows are different from each other, 
the figure indicates that the timings o f floods in these watersheds are similar. Therefore, peak flow 
data from nearby watersheds (Flower Creek, Granite Creek, and Bull River) w ere used to 
construct past flood history o f Libby Creek.
(DC) Channel Change History
The purposes of channel change history are to  describe major channel pattern changes 
observed on photos and to relate the tim ii^  and locations o f maJcHr changes to flood history. This 
m ethod involves using a stereo scope and looking a t historical aerial photos taken in 1947, 1958,
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1963, 1975, 1982, 1992, and 1998. Because channel patterns tend to  change on reaches in a 
relatively wide valley, at the confluence with tributaries, and immediately below major mining sites 
(Ryan and Grant, 1991; Knighton, 1989), I focused mainly such reaches and observed channel tyj>e 
(single or braided), changes in stream width, and channel migration.
(X) Canopy Gap History
Using the ssone aerial photos, I analyzed the changing width of the canopy gap over the 
stream to  infer the extent of disturbances resulting from floods on upper Libby Creek. The canopy 
gap refers to the width of unvegetated area perpendicular to  the channel, and appears white or gray 
on the photos. The gap includes the width of mining^ tailings, bu t doesn’t  include logged areas. 
Canopy gap changes were analyzed in the following ways. First, the stream channel o f the main 
stream was divided into 6 segments based on the existence of a nick point and the inlet of 
tributaries (Figure 5). Then the canopy gap was directly measured on the photos using a ruler and 
stereo scope. The locations of the measurement were selected randomly in each segment, and 30 
widths in each segment were measured on the pictures. Minimum, maximum, median, the first 
quartile (Q l) , and the third quartile (Q3) were calculated.
(XI) Sinuosity History
The purpose o f this analysis is to  infer changes in stream gradient and sediment supply over 
time. Using photos taken in 1963, 1975, 1982, 1992, and 1998,1 analyzed historical changes in 
sinuosity to infer historical changes in sediment supply. I didn’t  use photos taken in 1947 and 1958, 
because the 1947 photo doesn’t  contain roads that are necessary to locate global positions, and 
because the time between 1958 and 1963 is so short. I only focused on the channel below major 
mining sites (Figure 2), because mining operations are probably one of the major causes of the 
creek’s instability.
Changes in sinuosity were analyzed in the following way. Some locations on a road were 
measured to  identify global positions using a Trimble Pathfinder Pro XLR global positioning unit. 
The road was located along the selected channel. Then, the positioning data were differentially 
corrected using data at a base station. The corrected data were converted to point coverage using 
ARC/INFO 7.2 for Geological Information System (GIS). Aerial photos were scanned and 
georeferenced for GIS. Finally, the positioning data of the local points and the digitally 
georeferenced photo images were combined to generate GeoTIFFs by using ARC/INFO 7.2. The 
centerline o f the main channel was digitized on top of each georeferenced photo image using Arc 
View 3.2. The digitized stream feature was converted to a polyline coverage in ARC/INFO 7.2, 
and the channel length was calculated in ARC/INFO 7.2. Valley length was measured in ARC 
View. The division o f the channel length by the valley length produced the value of sinuosity of 
each channel reach for each aerial photo. Robert Ahl, a private consultant, and Gary Crismon, a 
GPS specialist in the Kootenai National Forest, helped me with the above analysis.
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s. RESULTS:
(A) Current Channel Conditions
(I) Libby Creek Field Survey
Results of field surveys are summarized in Table 3, and stream channels observed are 
displayed in Figure 6 . Pictures taken along Libby Creek are displayed in appendix (2). In general, I 
define a stable channel as a single channel with no major bank erosion, no major depositional area, 
and thick riparian vegetation. Field observations of the stream channels near the Gold Panning Area 
(from location 1 to 5) suggest that the stream channels are generally fairly stable and confined by a 
relatively narrow  valley. The stream channels are all single, incised channels; streambanks are often 
covered with moss; tall coniferous trees grow near streambanks; the floodplain is narrow; and large 
woody debris are frequently observed along the reach.
The reach from the confluence of Howard Creek to the channel located about 1,000 feet 
above the nick point (from location 6 to  8) is commonly unstable. As the reach goes downstream 
from 6 to 8, channel width and the number of eroded banks increase. The channel type changes 
from single to braided, and the area of floodplains with sparse riparian vegetation increases.
Because the valley of this reach is relatively wide and channel gradient is low, this reach seems to be 
dominated by depositional areas.
The reach from site 8 to  the nick point (location 9) appears stable. Although the channel 
type is braided, thick riparian vegetation, tall coniferous trees, and no major eroded bank is 
observed along the reach.
The stream channel from the nick point to  the confluence of Ramsay Creek (location 10 to 
12) is highly unstable. The valley of the reach is narrow, and the channel gradient is steep. 
Therefore, the shear stress can be very high during floods. In addition, large areas of mining tailings 
still remain along the reach. The slope o f the mining tailings is about 60 degrees with no vegetation,
2';
and the bottom  edges of the tailings are frequently exposed to streamflow. Consequently, the 
tailing piles are very susceptible to  erosion.
The streambed sediments of the reach from the m outh of Ramsay Creek to the bedrock 
outcrop (location 13) are unstable. The valley is narrow  and incised into bedrock, but channel 
gradient is not as steep as the reach upstream. Thus, the shear stress may not be as high as that of 
the upstream reach during floods. Major eroded banks are not observed because of the bedrock 
bank, but a lot of fairly large particles (200 to 300 mm in diameter) are deposited in the bed of the 
reach. Many of the large particles were probably transported from mining tailings upstream and 
deposited here during floods. This reach appears to be a sediment transport channel.
The streambed and bank from the bedrock outcrop to Poorman Creek (location 14 to  17) is 
unstable. The valley type changes from narrow to relatively wide, and channel gradient is low (0.01 
to 0.02). Thus, the shear stress is low during floods. The stream channel just below the bedrock 
outcrop is straight, and wide depositional floodplains with little riparian vegetation are observed 
along the straight channel. The low shear stress and the wide depositional areas suggest that this 
reach is a depositional area. The stream channel below the straight channel meanders in a relatively 
wide valley, and large bank erosion and sparse riparian vegetation on the floodplain are observed 
along the meandering channel.
The streambed and bank from the confluence of Midas Creek to the end of privately owned 
land (location 18 to 20) appears unstable. Channel type is mostly braided, and substantially wide 
floodplains with large amount of deposited materials, little riparian vegetation, and highly eroded 
streambanks are observed. Because of the wide valley and the relatively low gradient, this reach has 
the high channel migration, suggesting that this reach is mainly depositional area that has caused 
frequent changes in channel courses and bank erosion.
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The stream channel from the end of privately owned land to  the confluence with a little 
tributary (location 21) is unstable. Channel type is braided probably because of aggradation. The 
valley of this reach is relatively narrow , but the gradient is low. There exists a bedrock outcrop, 
which seems to work as a stopper o f sediment movement from upstream. The channels above the 
bedrock are filled with a great amount of bedload.
The stream channel below the above depositional area (location 22) has a highly eroded 
streambank on the left side. I observed some tall fallen trees at this site, suggesting that a recent 
flood eroded the bank. This area belongs to  the Kootenai Naticmal Forest and was clearcut many 
years ago.
The streambed of the channel below  the confluence of Bear Creek (location 23) is unstable. 
The valley o f the reach is relatively narrow and incised into bedrock. Floodplains are deposited with 
a great amount o f sediment, and riparian vegetation on the floodplain is spn-se. The channel type is 
braided. A bedrock bank and the deposited sediment on the floodplain suggest that the sediment 
was probably transported from upstream to be deposited here.
(II) Current Channel Morphology
Results of channel morphology and particle size distribution at each cross section (Figure 2) 
are summarized in Tables 4  and 5, respectively. Data concerning cross sections, longitudinal 
profile, and pebble counts are shown in  appendix (I). W idth/depth ratio and entrenchm ent ratio 
are displayed in Figure T. Both these ratios vary depending on locations of the cross sections. The 
values of entrenchm ent ratio (ER) range from 1.3 to more^than 13, but most of the values are less 
than 4 except L llA . The values of w idth/depth  ratio (W DR) range from 18 to 87. The 
w idth /depth  ratios from Howard (up) to  LI 3 (except LI 4) are relatively constant (18-25), but the 
ratios from L12A to  L12C are higher (36-47). The ratio decreases at L12A1 and L12A2, but 
generally increases downstream of these sites.
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Particle size distribution also varies depending on locations o f the cross sections (Figure 8), 
Cross sections vdth relatively larger particle sizes are Howard (up), L17, LIS, L12C, L12A1, 
L12A2, L l l ,  and L llA . In contrast, cross sections from L14toL12B , L H C , LI IB, and LIO have 
relatively smaller bed materials. The large particle sizes at Howard (up), L12A1, and L12A2 may 
be attributed to past mining activities an d /o r erosion of mining tailings. Because LIS exists just 
below a narrow canyon with bedrock streambed, most of the larger particles were probably 
transported from the canyon during flood events. As L12C, L H , and L llA  are located in braided 
channels, the larger particles might have been contributed to the channels by nearby streambank 
erosion rather than transportation processes, because the eroded streambanks frequently contain 
large cobble and boulder.
Stream type o f each cross section was determined based on the channel morphology and 
particle size distribution (Table 4). The stream type changes from the B3 and F3 types near the 
Gold Panning Area to  the D3 type near the nick point, and the stream type from mining sites to 
downstream also changes from the B3 to  D3. These changes in the stream types indicate the 
increase in w idth/depth  ratio (from 21.87 at L17 to 36.09 at L12C and from 23.28 at L12A1 to 
87.94 at LIO). The similar pattern in the stream type changes (from the B to the D type) suggests 
that the creek runs through two cycles of bank erosion and depositional areas within the study area, 
and that the bank erosion upstream is connected with sedimentation downstream.
Stream channels from Howard (up) to LI 3 are relatively stable. These cross sections are 
found to be the F, B, and C stream type (Table 4). Lower w idth/depth  ratio (18-25) except L14 
indicates high streambank stability. Rosgen (1996) has found that average w idth/depth  ratios for 
the B3, F3, and C4 are 18.78, 37.6, and 29.38, respectively. The comparison with values found in 
this area (18-21 for the B3 type, 22 for the F3 type, and 25 for the C4 type) indicates that these 
channels are stable. Because the stability o f stream channels is generally dependent on streambank
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stability, watershed conditions, and flow and sediment regime (Rosgen, 1996), these stream types 
suggest that these factors have been stable over years.
Many cross sections (7 out of 16) are designated to be D3 or D4 stream type (Table 4).
The D3 stream type often occurs in a moderately steep glacial valley, and is a braided stream within 
broad alluvial valley and formed in depositional area (Rosgen, 1996). The characteristics of the 
stream type are high bank erosion, excessive deposition, and high migration rate. Average 
w idth/depth  ratio of these D3 or D4 types is 52. If these types used to be the C3 types, these 
values indicate the high instability of streambanks, because Rosgen has found that the average 
w idth /depth  value for the C3 type is 33. Thus, the D3 or D4 stream types found in the creek 
clearly indicates high instability of these cross sections, suggesting that the upper creek is highly 
unstable, except stream channels near the Gold Panning Area.
(Ill) Relative Bed Stability
The results of the RES analysis for each cross section (Figure 2) are summarized in Table 6- 
1 and Figure 9 (for Throne and Zevenbergen equations) and Table 6-2 and Figure 10 (for Jarrett 
equations). W hen the Throne and Zevenbergen equations are used to estimate bankfuU discharge, 
all of the calculated RES index values for the Discharge Criteria are more than 1, while some of the 
calculated RES index values for the Shield Criteria are less than 1. These are Howard (up), Howard 
(down), L14, L12A1, LI 1C, and LIO. Following Olsen et al. (1997) s recommended approach for 
selecting the calculated values (Shield Criteria or Discharge Criteria) based on the water surface 
slope, I selected the values for Discharge Criteria at Howard (up), Howard (down), L12A1, and 
LI 1C, and chose those for Shield Criteria at all other sites (underlined). Consequently, the cross 
sections with RES index that are less than 1 are only L14 and LIO. Therefore, at these sites larger 
particles would likely be moved at the bankfull discharge.
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W hen both the Shield Criteria and the Discharge Criteria are considered, the following 
cross sections appear to be unstable at the bankfull stage: Howard (up), Howard (down), LI 3, 
L12A, L12B, L12A2, LI IB, and LI 1. Although the calculated values at these cross sections are 
slightly more than 1, these values are not sufficiently larger than 1 (Table 6-1). Therefore, these 
stream channels may be unstable at the bankfuU stage.
Results of RBS analysis indicate that five cross sections have relatively high RBS values. The 
cross sections at L15, L12C, L12A1, LI 1C, and LI 1A have relatively higher RBS indexes, which 
are m ore than 1.5. (Table 6-1) Thus, these channels are relatively stable and the larger particles are 
unlikely to be entrained at the bankfull stage.
W hen Jarrett equation was used to estimate bankfull discharge, all of the calculated RBS 
index values for Discharge Criteria are m ore than 2, while some of the values for Shield Criteria are 
less than 1 (Table 6-2). Following Olsen’s recommended approach in the same way, I evaluated 
that larger particles would be entrained at the bankfull stage only at L14 and LIO. Cross sections at 
LI 3, L12A, L12B, L12A2, and LI 1 may be unstable, because the values for Shield Criteria are not 
sufficiently larger than 1. Cross sections with relatively higher RBS values (more than 1.5) are 
Howard (up), Howard (down), LIS, L12C, LI 2A1, LI 1C, and LI IB, and those seven cross 
sections would be stable at the bankfuU stage.
In general, RBS analysis suggests that the mobility of the larger particles is relatively low at 
the bankfull stage in upper Libby Creek. W hen Throne and Zevenbergen equations are used, the 
calculated RBS values indicate the high mobility o f larger particles only at 2 out of 15 cross sections 
(Table 6-1). Likewise, when Jarrett equations are used, the RBS values indicate the high mobility of 
larger particles at 2 out of 15 cross sections (Table 6-2). These results suggest low mobility of the 
larger particle sizes at the bankfull stage in most reaches on the creek.
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(IV) Pool Spacing and Pool Density
Pool spacing (feet) and pool density (pool num ber/m ile) are summarized in Table 7 and 
Figure 11. Measured stream reaches are shown in Figure 2. Comparison in pool spacing and pool 
density above and below mining sites clearly indicates that stream reaches above mining sites have 
greater pool density than reaches below, and that average pool spacing in the stream reaches above 
mining sites are much shorter than those in the reaches below. For example, the reach from L I2A 
to LI 3 contains six pools, and average pool spacing is 170 feet. O n the other hand, the reach from 
LI lA  to LI 1C contains only two pools, and average spacing is 2,100 feet. These results suggest 
that the extent of sedimentation below mining sites is much more severe than that above mining
sites.
(B) Human Impacts
(V) Mining History 
( 1 ) History of Mining Activities
Mining activities in the upper Libby Creek watershed can be divided into two periods from 
the perspective of the equipment that placer miners used: the period of placer mining by hand 
(1860-1904) and the period of m ore complex technology, such as a hydraulic mining and dredge 
systems (1905-late 1960s)(Miss, 1994).
Some prospectors began placer mining operations by hand along Libby Creek in 1867 
(Miss, 1994). Placer mining is the activity of collecting flakes, nuggets, and other particles of gold 
or silver from alluvial o r glacial deposits. The discovery of gold on the creek led to a brief gold rush 
and attracted as many as 500-600 miners to  the area. At that time they used primitive equipment, 
such as gold pans, rockers, long toms, and sluices. They dug “every inch of stream stretch along the 
creek except the wall of the Libby Creek Falls” (W hite, Pers. Comm. 1999). Small scale mining 
tailings, which show evidences of mining activities by hand, can be found all along the creek.
In the early 1900*s miners began to use hydraulic systems that were composed of hydraulic 
giants, long sluices, steel pipes, and mining ditches (Miss 1994). They blasted not only stream 
channels and their adjacent areas, but also sidehills. They often used bulldozers to  process sidehills, 
which mostly consist of unconsolidated materials (Griffith, 1948). They selected work sites based 
not only on a test that verified the capital investment, but also based on the water pressure 
availability (W hite, Pers. Comm. 1999). The hydraulic systems needed the high water pressure to 
blast streambeds, banks, and sidehills. Miners often used dredging machines, which are machines to 
process streambed and sidehills (Griffith, 1948). W hen they didn’t have sufficient water in the 
summer, they often used a dry land dredge, which is equipment to  process materials without water
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(Griffith, 1948). Deep mining pits and large areas of mining tailings can be e a s i ly  found along the 
upper creek. They are the results of the hydraulic and dredge mining operations.
2) Historic Hydraulic and Dredging Mining Sites
Table 8 summarized the characteristics of mining sites on Libby Creek. Mining operations 
were mostly located on Libby Creek, and the locations were limited to specific areas (Figure 3).
For example, Liberty Placer concentrated its processing on the east hill of upper Libby Creek, 
resulting in a large area o f placer tailings on the hill. Libby Placer focussed its activities on the 
streambed and both sidehills along the creek, leaving 15 acres of placer tailings on the adjacent area 
of the creek (Johns, 1970). It dumped processed materials into the creek (The W estern News, 
1904). Howard Placer mostly worked on and near the creek between the mouth of Poorman Creek 
and the m outh o f Midas Creek, but it is difficult to locate its exact mining sites due to the lack of 
tailings (W hite, Pers. Comm. 1999). A picture of Howard Placer in the early 1900s shows the 
creek was totally covered with tailings (in appendix 4). The tailing piles were probably washed out 
during flood events.
Although the mining activities apparently disturbed the streambed and its adjacent riparian 
area, there are some reaches where no major mining activities occurred. For example. Liberty 
Placer didn’t  process gravel near or on the floodplains of the creek. This fact is apparent from a 
map made by Griffith in 1948 and an old aerial photo taken in 1947. In addition, they didn’t mine 
the channel between the Gold Panning Area and Libby Placer. This is also apparent from historic 
aerial photographs, and field observations show no large mining tailings along the channel. There 
was also no hydraulic mining activity on the channel between the mouth of Midas Creek and the 
end of privately owned land. This is apparent from field observations. Possible explanations for the 
absence of mining activities in these reaches include lower gold content of the channel and /o r 
insufficient w ater pressure due to the relatively wide valley.
(VI) Riparian Logging
Logging activities predated hydraulic mining operations. Placer miners needed logs to  build 
cabins, to make sluice boxes to process gravel (Miss 1994), and to operate hydraulic mining 
efficiently. A picture of Howard Placer in the early 1900s (see appendix 4) clearly shows that 
logging occurred before mining activities.
Large tim ber harvests on riparian areas mostly occurred in the early 1950s (W hite, Pers. 
Comm. 1999). The logged area was about 1,150 acres, and locations of riparian logging are shown 
in Figure 3. Aerial photos in 1947 show no major road along the creek, but aerial photos in 1958 
apparently indicate the construction of major roads and the harvest activities at that time.
There are small areas where logging activities have not occurred. Photos taken in 1963 
display the following two non-harvested areas: one area located just above the confluence with 
Howard Creek and another area located just above the nick point (Figure3). Historic aerial photos 
taken after 1963 also indicate no riparian logging at these sites. Thus, 1 concluded that no riparian 
logging occurred in these areas. These areas may have escaped harvest because of the distance to 
logging roads, and because the forest might have had less valuable trees.
(Vn) Equivalent Clearcut Area (ECA) from the 1950s to Present
The average road density on upper Libby Creek watershed in the year 2000 is 2.5 
mile/mile^, and the road density o f each sub - watershed ranges from 0.1 to  6.7 (Table 9 and Figure 
12). These values are lower than the road densities on most of the watersheds in the Kootenai 
National Forest (W egner, Pers. Comm. 2000), but some higher road densities are found in some 
sub-watersheds of the upper watershed (5-6.7 mile/mile^).
Estimations of historical equivalent clearcut area are summarized in Table 10. The total 
ECA increased from 1,366 in the 1950s to 4,151 in the 1970s, and has decreased to 1,362 in the 
1990s. ECA percent (equivalent clearcut area/ watershed area) increased from 2.6 % in the 1950s
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to 8 % in the 1970s, then decreased to 2.6 % in the 1990s (Figure 13 and Table 10). These values 
suggest that the greatest impacts on water yield increase probably occurred from the 1950s to  the 
1970s following the increased logging activities on the watershed, and that the impacts have 
decreased since the 1970s.
The estimated peak flow increase (%) of the average monthly water yield has been less than 
3 % since the 1950s. The estimated peak flow increase rose from 0.85%  in the 1950s to  2.6% in 
the 1970s, and fell to 0.85 % in the 1990s (Table 10). These values are substantially lower than 
those of most of the watersheds in the Kootenai National Forest, and other watersheds with similar 
values of the estimated peak flow increase in the National Forest are usually stable (W egner, Pers. 
Comm. 2000). Therefore, these low water yield increases are not expected to produce noticeable 
impacts on the streambank.
(3) Channel Response
Because combinations of flood disturbances and human impacts have probably destabilized 
Libby Creek, flood history will be estimated first; then channel responses resulting from the 
combinations o f floods and human impacts will be analyzed in channel change history, canopy gap 
history, and sinuosity history.
(VIII) Flood History
Flood history of Libby Creek can be estimated from the peak flow data from nearby 
watersheds. Table 11 shows the five largest floods on record for these watersheds. Because the 
measured duration for these watersheds are different, ranked floods are different for these 
watersheds. Before the 1960s Libby Creek probably had some large floods, such as floods in 
1933,1938,1948, and 1954 (Table 11 and Figure 4). The 1938 flood appears large, because its 
instantaneous streamflow (1 ,960cfs) for Granite Creek was almost as large as the streamflow 
(2,000cfs) of the 1974 flood, which was the largest flood on record on the other three watersheds.
It appears that there was no large flood between 1961 and 1973 (Figure 4). The largest flood on 
record occurred on January 15 in 1974 on these watersheds. The instantaneous streamflows of the 
flood for Granite Creek, Bull River, Flower Creek are 2,000 cfs, 3,890 cfs, and 709 cfs, 
respectively, and estimated recurrence intervals are 37, 17, and 53.7 years, respectively. After the 
1974 flood, relatively large floods occurred in 1980, 1984, and 1996 
(h t tp : / /w aterdata.usgs.gov/nw is-w /M T; Morris, 1996).
(IX) Historic Channel Changes
These results are based on the observations of aerial photos taken in 1947, 1958, 1963, 
1974, 1982, 1992, and 1998. These photos are shown in appendix (5). The 1947 aerial photos 
show a braided channel form with some thin stream channels just below Libby Placer. The braided 
channel form may indicate that the channel has widened and flattened after being choked with mine 
waste materials. Placer miners dumped a great amount of processed materials into the channel at 
that time (The W estern News, 1904). If the elevation of the channel bed had been raised by waste 
materials, a great amount o f sediment might have later been moved by large floods. The 1947 
photos demonstrate a braided channel form below the mouth of Midas Creek. The braided channel 
form suggests occurrences of sedimentation downstream, probably resulting from hydraulic mining 
operations and some floods, such as floods in 1933 and 1938.
The 1958 photos show the beginning of the accumulation of human impacts on Libby 
Creek. The pictures show road construction and riparian logging. The pictures also show that a 
braided channel form still exists below the m outh of Midas Creek, but the channel isn’t wider than 
it was in the 1947 photos. The unchanged width suggests relatively lower channel disturbances by 
the floods in 1948 and 1954.
The 1963 photos demonstrate some major changes in Libby Creek. The photos show 
logging activities on the upland of the watershed and the further alternations of channel form below
Midas Creek, The channel form changed from being braided to a single, wide channel below the 
m outh of Midas Creek. The changes in channel form and width suggest bank erosion an d /o r 
sedimentation from upstream and the occurrence of a large flood, which may have occurred in the 
flood history data gap between 1958 and 1963.
The 1975 photos show channel widening resulting from the 1974 flood, especially in the 
channel below the m outh of Poorman Creek, but the photos don 't show major changes in width in 
the reach above the nick point. The changes in width suggest the movement of a great amount of 
sediment from Libby Placer an d /o r bank erosion in the reach below the mouth of Poorman Creek.
The photos taken in 1975, 1982, 1992, and 1998 may indicate some indirect effects of 
sedimentation from upstream. These photos show the occurrence of a chute cutoff on the channel 
between the m outh with Ramsay Creek and Poorman Creek during this time (See Figure 14). 
“Chute cutofP refers to the straightening of a channel resulting from bank erosion and channel 
choking. The 1975 photo shows that the channel curved to  the east below the bedrock, but the 
1982 photo shows that streamflow cut the left streambank straight and abandoned a part of the 
form er channel. The 1992 photo shows that the streamflow continued to cut the adjacent area near 
the stream. The 1998 photo shows the completion of the chute cutoff. A rough estimate of the 
eroded volume resulting from the chute cutoff is 4,000 meter^. These phenomena suggest that the 
1980 flood might have moved a lot of sediment from upstream, particularly from the Libby Placer’s 
tailing piles, choking the channel downstream with eroded materials. A crumbled, rusty, and 
flattened steel flume for the hydraulic mining operations was found in the abandoned channel in the 
summer of 1999 (Figure 14). This flume probably came from Libby Placer. This fact may support 
the scenario described above. These photos also show changes in channel width in the reach above 
the nick point, suggesting sedimentation from further upstream an d /o r bank erosion from the
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reach. However» the extent of widening of the reach is much smaller than the reach below Libby 
Placer.
The photo analysis shows changes in channel width and channel form over time on upper 
Libby Creek. Channel changes appear to have occurred in accordance with sediment supply from 
upstream and /o r  bank erosion during large floods, such as the 1974 and 1981 floods, and the 
extent of the changes has generally increased as time has passed since 1940s. Therefore, it is very 
likely that the sediment associated with the channel changes below Poorman Creek mostly moved 
from Libby Placer's mining site, sites further upstream, an d /o r bank erosion. In addition, it seems 
that the sediment transported by floods was deposited on the reaches above the nick point and 
below Libby Placer, resulting in changes in stream width and channel form of these reaches.
(X) Canopy Gap History
Historical changes in canopy gap from 1947 to 1998 are shown in the Figures 15 to 20. 
Canopy gap changes suggest changes of channel width. Figure 15 shows the changes from the Gold 
Panning Area to  the m outh of Howard Creek. All values (maximum, Q l ,  median, Q 3, and 
minimum) haven’t changed much since 1947. The httle change in canopy gap indicates that 
disturbances from gold panning were probably low, and this reach hasn’t experienced major 
erosion and deposition despite many floods, suggesting that the reach has been stable over time.
Figure 16 displays changes in canopy gap from the mouth of Howard Creek to the nick 
point located just above Libby Placer. Canopy gap narrowed from 1947 to 1963, then has 
gradually widened since then. W hen a large flood occurred in 1974, gap slightly widened. In 
general, canopy gap has widened since then probably because of some floods after 1974. The 
widening in canopy gap suggests that occurrences of bank erosion and sedimentation in this reach.
Figure 17 indicates changes in canopy gap from the nick point to the m outh of Ramsey 
Creek. In general, canopy gap narrowed until 1963, but the gap widened in 1974 when a flood
occurred. Since then the gap has slightly narrowed. The decrease in canopy gap suggests that 
mining tailings on Libby Placer may have been covered with high trees, because the reach is mostly 
occupied by mining tailings from Libby Placer.
Figure 18 shows changes in canopy gap from the mouth of Ramsey Creek to the mouth of 
Poorman Creek. Generally, no noticeable trend is observed except between 1947 and 1958. 
Canopy gap has been stable since 1958, suggesting that this reach may have experienced no major 
erosion an d /o r sediment deposition since then. Because this stretch is confined by bedrock, it is 
difficult for streamflow to change channel width.
Figure 19 shows changes of canopy gap from the mouth of Poorman Creek to the mouth of 
Midas Creek. In general, the median width of the gap was stable through1974, but the gap 
widened about 100 % by 1982, stayed the same until 1992, and has decreased since then. These 
changes suggest that this reach might have been dramatically affected by the flood in 1980 and 
might have been covered with vegetation later. Knighton (1989) observed that degradation 
occurred Just immediately below mining sites. This reach is located below Libby Placer. Thus, this 
decrease in canopy gap strongly suggests sediment movement after 1992.
Figure 20 indicates changes in canopy gap from the mouth of Midas Creek to the end of 
privately owned property on Libby Creek. Generally, the canopy gap appeared stable until 1963, 
but the gap substantially increased in 1974, and the increased gap has not changed very much since 
then. These sequences suggest that the channel had been relatively stable before the 1974 flood, 
and that the channel width has not recovered from the flood disturbances.
(XI) Sinuosity History
Historical changes in sinuosity was based on the analysis of aerial photos taken in 1963, 
1975, 1982, 1992, and 1998, and focused on the reach from the bedrock located below Ramsay 
Creek to the end of privately owned land. Sinuosity decreased from 1.16 in 1963 to  1.13 in 1975, 
and has increased to 1.27 in 1998 (Figure21 and Table 12). Sinuosity increased about 11 %, and 
stream length increased by about 400 meters (1,320 feet) from 1975 to 1998. The 1.27 sinuosity is 
very typical num ber and it is rare to find more than 1.5 sinuosity on 2 % channel slope (Rosgen, 
Pers. Comm. 2000). The decrease in sinuosity in 1975 indicates the straightening of the stream 
channel and an increase in channel slope below mining sites after the 1974 flood. The decrease of 
sinuosity in 1975 also strongly suggests an increase in sediment supply and the occurrence of 
sedimentation during the 1974 flood. The increase in sinuosity from 1975 to 1998 implies a 
decrease in sediment supply to the channel and a decrease in channel slope over the time evaluated.
Figure 22 shows the channel migration of the reach below mining sites from 1963 to 1998. 
Roberts and Church (1986) noted that riparian logging can cause bank erosion and retreat, 
resulting in sedimentation downstream. Such sedimentation can deflect streamflow, resulting in 
further sedimentation downstream. Such cycle was repeated in an unstable stream in British 
Columbia. The channel migration clearly shows the occurrence of bank erosion and the shifting of 
channel courses below mining sites. The migration probably resulted from sedimentation from 
mining sites, causing bank erosion in the reach. The channel migration suggests the occurrence of 
the cycle of sedimentation and bank erosion.
an
6. DISCUSSION:
(A) Current Channel Conditions
Upper Libby Creek exhibits evidence of instabihty due to streambank erosion and 
sedimentation except for a few stream reaches located near the Gold Panning Area. Field 
observations found bank erosion on m ost of the stream channels and sedimentation on stream 
channels in the wider parts of the valley. Eroded mining tailings continue to be a problem. Many D 
stream types (7 out of 16 cross sections) indicate the instability o f many channels, suggesting bank 
erosion and sedimentation. Fewer numbers of pools and more distant pool spacing below Libby 
Placer and Howard Placer suggest substantial sedimentation from the mining sites. Therefore, most 
of the channels on the creek appear unstable because of bank erosion and sedimentation.
In contrast, stream reaches near the Gold Panning Area appear stable, possibly because miners 
didn’t  deposit tailings near the stream in this reach, Hilmes and Wohl (1995) observed the same 
phenomena in a mined stream in Colorado.
Although held observations and channel morphology strongly suggest the instabihty of 
stream channels on many stream reaches, relative bed stability analysis suggests that major changes 
in channel morphology occur only during floods with more than 2 years recurrence interval, 
probably 5-10 years recurrence interval. Therefore, channel recovery processes on Libby Creek are 
slow, because coarse materials supphed from mining sites and eroded streambank wül remain in the 
creek. The slow recovery processes are reported in many mined streams (e.g. Alder, 1980; 
Knighton, 1989; Hilmes and W ohl, 1995). However, the low mobility of larger particles at the 
bankfull stage doesn’t mean high stability o f Libby Creek. Once large floods (5-10 years recurrence 
interval) occur, many reaches in wide parts of the valley will likely change channel form and course 
due to  the movement o f deposited sediment in channels.
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(B) Human Impacts
Analysis of historic human impacts including mining and logging suggests that the 
combination of mining activities and riparian logging have probably affected the Libby Creek. 
Equivalent clearcut analysis indicates that the total equivalent clearcut area reached its peak in the 
1970s, but estimated increase of the average monthly water yield was only 2.6 percent at that time. 
Therefore, the impacts from watershed logging activities were probably low. Riparian logging 
history indicates that about 1,150 acres of riparian forests were logged along the creek in the 
1950s. Stream reaches where the riparian logging occurred are unstable, and streambanks are 
substantially eroded. In contrast, stream reaches with no riparian logging are relatively stable and 
have no major eroded banks. Thus, the riparian logging probably impacted streambank stability 
substantially, causing bank erosion and an increase in stream width. The increase in channel width 
probably resulted in the decrease in the sediment transport capacity, causing sedimentation and 
channel migration to  occur (Robert and Church, 1986). However, if riparian logging had been the 
only major human impact, Libby Creek might have recovered in a relatively short time. Robert and 
Church (1986) observed that as a sediment wave caused by riparian logging in British Columbia 
moved downstream, the reach where the sediment wave had passed was stabilized from upstream 
through sedimentary armoring and revegetation of floodplains at the rate of 200 feet per year 
within 6 years. This observation suggests that riparian logging effects may not last for a long time. 
Madej (1996) also reported relatively fast sediment wave movement (1600 to  820 meters per year 
depending on local unit stream power). Thus, it doesn’t seem that riparian logging is the dominant 
cause of the instability of Libby Creek, considering the long term  instability of the creek. Historical 
analysis of mining activities shows that destructive mining activities (hydrauhc and dredge system) 
occurred mainly from the beginning of 1900 to the 1950s. Most of the processed materials were 
dumped into the creek at some mining sites. The volume of the dumped materials was probably
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immense based on processed area, p a r t i c u l a r l y  at Libby Placer and Howard Placer, Mining tailings 
have probably supplied sediment even after the cessation of mining operations. Hydraulic and 
dredging mining operations can alter stream systems drastically by increasing the amount of 
sediment (Schumm, 1969). Therefore, cumulative effects from mining activities and riparian 
logging have probably caused the long term  instability of upper Libby Creek.
Although these human impacts have disturbed the creek, it seems that overall human 
impacts on the creek have decreased over time. Equivalent clearcut area analysis indicates estimated 
peak flow increase has decreased since the 1970s, suggesting that the water yield increase is likely 
to decrease in the future. In addition, no logging is planed in the land managed by the Kootenai 
National Forest Service until watershed analysis is done in the near future (W egner, Per s. Comm. 
2000). Riparian logging occurred along the creek in the 1950s, and riparian forests have 
reestablished somewhat since then, although it may be difficult for riparian vegetation to reestablish 
themselves on floodplains in this flashy hydrological environment. Large areas of mining tailing 
piles still remain at Libby Placer, and the tailing piles are likely to supply sediment during large 
flood events, but the amount of sediment supplied at major mining sites has probably decreased 
since the cessation of hydraulic mining operations. Therefore, it is likely that human impacts will 
decrease in the future, unless large areas of logging and mining occur again.
(C) Channel Response
It seems that channel response in width and form are related to mining and riparian 
logging. Channel change history indicates that changes in width and channel form were associated 
with sediment movement from mining sites, suggesting that mining sites are one of the major 
sediment sources, and that a tremendous amount o f sediment was moved by flood events, causing 
sedimentation downstream. Canopy gap history indicates that channel width has increased in the 
reaches above the nick point and below Libby Placer and Howard Placer. Riparian logging occurred
4.^
along these reaches in the 1950s, suggesting that riparian logging caused bank erosion, and that such 
reaches have supplied additional sediment to  Libby Creek. Large floods, such as 1974 and 1980 
flood, probably triggered bank erosion of these sites. Thus, it seems that a tremendous amount of 
sediment from mining sites and logged streambanks have caused the instability of Libby Creek, and 
the sediment have moved downstream during flood events.
Libby Creek would eventually recover from past disturbances on its own. However, this 
would likely take a very long time. Although riparian vegetation has restablished in some reaches, 
m ost of the channels have bare gravel floodplains and eroded banks, suggesting a very slow 
recovery process. Canopy gap analysis indicates that most of the stream channels have not 
decreased in gap since the peak gap, suggesting that riparian vegetation has not reestablished on 
most floodplains after the 1974 flood. Extensive channel migration below mining sites indicates 
bank erosion, suggesting that the eroded bank have still supplied sufflcient sediment to the creek. 
Flood history indicates that relatively large floods have frequently occurred in this area, suggesting 
that the floods have further disturbed the creek. Therefore, although sinuosity history suggests the 
decrease in sediment supply since 1974, it is very unlikely that the Libby Creek will restabilize in 
the near future.
(D) Recommendations for Temporary Bank Stabilization Efforts
Because historical human impacts are likely to decrease in the future, and because it seems 
that the sediment supply from mining sites has decreased, well designed bank stabilization projects 
have good potential to speed the recovery process. Channel response assessment suggests that 
mining sites and eroded bank are major sediment supply points. Therefore, restoration efforts 
should focus on stabilizing these major sediment supply points using temporary stabilization 
measures that help natural vegetation to  reestabilish and provide long term  stability.
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Figure 23 indicates likely sediment supply points where stabilization efforts should be 
done. The restoration project should remove some of mining tailings located Libby Placer. 
Otherwise, the stream reaches below the mining site will likely continue to be unstable because of 
sediment supply. The project should also stabilize eroded banks below the confluence with Midas 
Creek.
To stabilize highly eroded banks below the mouth of Midas Creek, I propose an outstream 
structure designed to convert the channel form from braided to single. Figure 24 shows a general 
design of the structure consisting of woody debris and large rock or gabions (cages of rocks). At a 
low streamflow stage the structure is out of water. During 5 to 10 years flood events, most of these 
structures would be submerged by water. The roots of woody debris need to be anchored in the 
streambank and between gabions or large rocks (4 feet in diameter). The structure also needs to be 
fixed by steel wires to prevent floating. The tip of the woody debris needs to be directed upstream 
at an angle of about 30 degrees to  move streamflow toward the center of stream channels. In 
addition, the tip ’s elevation needs to be lower than that of roots buried in the bank.
One of the major purposes of this structure is to facilitate floodplain formation by trapping 
sediment moving near the bank during large flood events. In general, bedload moves during high 
streamflow events. Relative bed stability analysis suggests that large particle movement on Libby 
Creek occurs during flood events with 5 or 10 years recurrence interval. Therefore, it may be a 
good idea to  trap a part of bedload and fine sediment using large woody debris during such events. 
Because accumulation of sediment during flood events influences streamflow direction in braided 
streams (Furguson et al., 1992), trapped sediment above this structure would change the direction 
of streamflow toward the center of channels.
A project to restore a mined stream in Alaska used alder bundles to  protect newly 
constructed streambanks (Karle and Densmore, 1994), The alder bundles were installed in the
floodplain perp>endicular to the channel along the stream. The alder bundles were found to  trap fine 
sediment following flood events and worked very well to  protect the newly constructed channel 
and floodplain. If the structure traps bedload and fine sediment, the number of braided channels 
should decrease, resulting in a single channel through floodplain formation and channel narrowing 
in the long run. Floodplain formation and channel narrowing are indispensable fluvial processes that 
help riparian vegetation reestablish and develop in a braided stream (Friedman et al., 1996).
Another purpose of this structure is to reduce stream velocity near banks and to stabilize 
eroded banks by reducing near bank shear stress. Even if the structure doesn’t trap sediment very 
well, the structure will stabilize eroded banks, because the angle of the woody debris is designed to 
reduce near bank shear stress by reducing stream velocity (Rosgen, 1996). It appears that sediment 
waves resulting from mining activities and riparian logging will continue to  move in the channels on 
Libby Creek. W athen and Hoey (1998) observed that the reach with morphological stability has 
m ore resistance to a sediment wave than an unstable reach with bank erosion. This observation 
suggests that minimization or stabilization efforts of highly eroded banks may minimize the 
instability of Libby Creek in the long term.
Dredging main channels is another method sometimes used to  facilitate single channel and 
floodplain formation, but the method has the following disadvantages. Lowering bed level by 
dredging may cause headcut (a vertical drop in the bed of a stream channel) by breaking streambed 
armoring. Once it forms, the headcut can migrate upstream, causing further increase in the 
instability of main channels. The further decrease in stability can influence a stream network 
including tributaries, resulting in a further increase of sediment supply (Heede, 1986; Leopold e t 
al, 1964). In addition, dredging may not work because of sediment movement during flood events. 
Skidmore ( 1996) observed that part of a reconstructed stream channel was plugged by sediment in 
a small mined stream in Montana. Because it appears that stream reaches below the m outh of Midas
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Creek still have a great amount o f mining related sediment, a headcut may form in response to the 
dredging. Because the substantial amount o f sediment appears to move downstream during flood 
events, dredged channels may be filled due to the sediment movement. Therefore, it is less risky to 
facilitate floodplain formation using carefully placed woody debris in a mined stream with excessive 
sediment.
By estimating external forces acting on the proposed structure, one can determine the size 
of boulders required to hold it in place. The external forces can be calculated in the following 
equation;
F =  p  Q(V2-V1) * area of the structure (Roberson and Crowe, 1997)
(F: maximum external forces acting on the structure (N =  kgm/s^), p: density of water 
(lOOOkg/m^), Q: discharge on flood plain (m^/s), V2: stream velocity at the structure (m /s), and 
V 1 : stream velocity at the stage of a given flood (m /s))
V2 can be assumed to be 0 m /s , because the flow direction is changed, and stream flow stops at the 
structure. Q and VI can be estimated using W inxpro (USDA Forest Service, 1997), although the 
estimated Q and V 1 should be verified in the field.
Because the structures are installed into the bank at the angle of 30 ® against the flow 
direction, the area of woody debris where the forces act can be calculated in the following way:
Area (m^) =  length of structure (m) * cos 60° * diameter of structure (m) * 0.5 
(In the case of a log with 10 m eter in length and 0.5 m eter in diameter. Area =  10 * cos60°
* 0.5 * 0 .5  =  1.25 (m"))
Assuming that Q =  3 m ^/s and VI =  Im /s  at a given stage on floodplain, the maximum external 
forces acting on the structure is the following:
F (k g m /s '=  N) =  1000 (k g /m ') * 3 (m Vs) * {0 - (- 3)}* 1.25 (m") =  11,250 N
4.7
If the structures are held by six boulders, the maximum forces can be divided by 6. Each boulder 
needs to be heavier than 1,875 N. Then, assuming that density of the boulders is 2,650 kg/m^, the 
size of each boulder needs to be as large as 0.9 m eter in diameter at least. Partly because the 
structure is installed into streambanks and partly because friction forces between the structure and 
floodplain act against streamflow direction, the structure should remain intact unless an extremely 
large flood and /o r  ice flow occurs.
Once floodplains that are equal or higher in elevation than bankfuU elevation are formed 
near eroded banks, riparian vegetation established on the floodplains would further stabilize eroded 
banks and floodplains. However, it is likely that the minimum replanting efforts of riparian 
vegetation will be necessary after the floodplain formation. Effects of such efforts would eventually 
result in increased stability of Libby Creek in the long term. If temporary stabilization of such areas 
is accomplished, the project is likely to realize its major goals given the trend of the decrease in 
human impacts.
If Libby Creek is naturally unstable due to climatic, geological, topographical factors, it 
would make little sense to try to stabilize it. However, this study suggests that major causes 
resulted from past mining and riparian logging activities. Therefore, a very careful comprehensive 
plan will be necessary to eliminate such human impacts. As “many previous stream restoration 
projects have resulted in further degradation of the ecological functions of streams” (Beschta e t al., 
1995), it is possible that the Libby Creek restoration project will result in an expensive failure due 
to sediment movement. Simple modifications of stream channels cannot remove causes of the 
instability of the streams (Beschta et al., 1995), as indicated by Skidmore (1996).
Although the Montana Department of Fish, Wildlife & Parks (FWP) and Kootenai National 
Forest have not developed a careful comprehensive plan yet, the FWP is going to  construct a 
stream channel that can eliminate one o f the major sediment sources on the lower reach of Libby
4.»
Creek. The project is a kind of experiment to evaluate the effectiveness of the new constructed 
channel (Ostrowski, Pers. Comm. 2000). Therefore, it is very important to m onitor treated and 
untreated reaches to  evaluate the effectiveness of the channel construction and to report the results 
of the monitoring to  interested people. The results may be able to provide valuable information in 
developing the comprehensive plan (Kondolf and Micheli, 1995). If the newly constructed channel 
works well, the design concepts of the channel can be applied to  upper unstable reaches. If not, 
some adjustments of the design concepts will be necessary. Considering the uncertainty of the new 
science of stream restoration, adaptive management should be implemented (The Federal 
Interagency Stream Restoration W orking Group, 1999).
4-9
7. CONCLUSIONS:
1. Currently m ost of the stream channels on upper Libby Creek appear to be highly 
unstable. Bare eroded banks occur on most of the channels, and channel migrations occur about 
every 5 to  10 years probably because of sedimentation in stream channels resulting frcari mining 
and bank erosion. Large areas of bed sediment deposits are located above the nick point and below 
the channel at the m outh of Midas Creek. These deposited materials seem to be entrained by floods 
with m ore than 2 years recurrence interval, probably 5 to 10 years recurrence intervaL
2. Among the many human impacts affecting the creek, cumulative effects from mining 
activities and riparian logging have probably done the most to destabilize up>per Libby Creek. Five 
to  10 year floods have likely moved sediment from mining sites and streambanks, generating wide 
and braided channels on m ost of upper Libby Creek. Human impacts (including mining operations, 
riparian logging, and upland logging) are likely to  decrease in the future, but it is unlikely that the 
creek will recover from these disturbances in the near future.
3. The Libby Creek restoration project is m ost likely to be successful if the project focuses 
on the temporary stabilization of major sediment supply points and highly eroded banks on the 
channel below the confluence with Midas Creek. The success for this effort is defined as the 
recovery of the bank stability of the upper creek. Because stabilizing all of the unstable streambanks 
along the creek would be difficult, the project should stabilize the major sediment supply points and 
eroded streambanks that are likely eroded during large flood events. Some of mining tailings of 
Libby Placer will have to be removed from the flood plain. Highly eroded streambanks in the reach 
below Midas Creek need to be stabilized to prevent further destabilization. To stabüize the highly 
eroded bank, an outstream structure using large woody debris is proposed. Once eroded banks are 
stabilized through floodplain formation, revegetation efforts may speed recovery. Dredging the
main channel may further destabilize Libby Creek. Thus, it is much safer to  trap sediment using 
large woody debris. M oreover, the approach better mimics natural stream recovery processes.
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Table 3. General Stream Characteristics (from upstream to downstream) 
(See Also Figure 6)( See appendix (2) concerning picture number)
Location Valley
Features
Stability (channel 
conditions)
Comments Picture
Number
Cross section
1 Relatively
narrow.
No Erosion. Riparian 
vegetation is Limited only 
along the bank edge of the 
channel. Tall coniferous 
trees are growing. Incised 
channel.
150 meters below a 
bridge on road #231. 
Harvested in 1950s. 
Many boulders (30-40cm 
in diameter) exist above 
the Xsec (Howard(up)) . 
They might have come 
from a mining site 
upstream (Vaughan and 
Greenwell Placer) and 
might have choked the 
channel
1 to 4 Howard (up)
2 Relatively
narrow
No Erosion. Riparian 
vegetation is limited only 
along the bank edge of the 
channel. TaU coniferous 
trees are growing. Incised 
channel.
100 meters above the 
mouth with of Libby 
Creek. Harvested in 
1950s.
5 to 8 Howard (down)
3 Relatively
narrow.
Quite stable & No 
depositional area. Riparian 
vegetation is limited only 
along the bank edge of the 
channel, and banks are 
covered with roots of trees 
like a net. Tall trees are 
growing. Channel is incised
Above the Gold Panning 
Area. Small scale mining.
9 to 12 LI 5
4 Relatively
narrow.
Stable & No depositional 
area. Some eroded banks 
above and below the Xsec 
L14. Channel is incised.
In the Gold Panning 
Area. Small scale mining. 
Many Large Woody 
Debris.
13 and
14
L14
5 Relatively
wide
valley.
Stable & No major eroded 
banks.Riparian Vegetation 
(cottenwood & willows) 
Narrow flood plain. 
Channel is relatively 
incised.
Below the Gold panning 
area. Small scale mining. 
This area has never been 
harvested.
15 to 17 L13
6 Wide
valley
Eroded banks & wide 
floodplain. Riparian 
Vegetation is sparse. 
Channel is braided
Below the mouth of 
Howard Cr. Many 
Stumps. Small scale 
mining.
18 to 21 L12A
7 Wide
valley
Eroded banks & wide 
floodplain. Riparian 
Vegetation is sparse. 
Channel is braided
Below the mouth of 
Howard Cr. Many 
Stumps. Small scale 
mining.
22 to 24 L12B
8 Wide
valley
Eroded banks & wide 
floodplain. Riparian 
Vegetation is sparse. 
Channel is braided.
Below the mouth of 
Howard Cr. Many 
Stumps. Small scale 
mining.
25 to 28 L12C
TÎ
9 Wide
valley
Channel is shallow and 
braided, but many riparian 
trees. No major erosion.
Above the nick point. 
This area has never been 
cut.
10 Narrow
valley
Channel is steep and incised 
to bedrock. Channel is 
step-pool morphology.
Above Libby Placer.
11 Narrow
valley
Channel is steep with sparse 
riparian vegetation. Eroded 
mining tailings.
Libby Placer. Eroded 
Mining tailings.
29 to 32 L12A1
12 Narrow
valley
Channel is steep with sparse 
riparian vegetation. Eroded 
mining tailings.
Eroded mining tailings. 
Libby Placer
33 to 36 L12A2
13 Narrow
valley
Transported bedload from 
mining tailings
Incised bedrock banks
14 Relatively
Narrow
valley
Chute-cutoff occurred in 
this area. Eroded banks and 
wide depositional area. 
Sparse vegetation.
Below a present bridge 
(road#231).
15 Relatively
wide
valley
Channel is straight. Side 
channel (right side) seems 
stable with willows.
Just above a washed out 
bridge.
37 and
38
LUC
16 Relatively
wide
valley
Channel meanders. High 
eroded banks (right bank). 
Young cottenwood trees 
(left bank).
Howard placer was 
probably located around 
this area. Above 
Poorman creek
39 to 42 L llB
17 Relatively
wide
valley
Left bank is eroded, 
exposing many large 
boulders (40-50 cm in 
diameter).
The mouth of Poorman 
Cr.
18 Wide
valley
Channel is relatively incised 
and has many boulders.
The mouth of Midas Cr. 43 to 45 L ll
19 Wide
valley
Wide gravel flood plain 
with no vegetation. Young 
cottenwood on right banks
Below Midas Cr. 46 to 49 L llA
20 Wide
valley
High (5m)eroded bank on 
left side. Floodplain is 
covered with depositional 
materials.
Below Midas Cr. End of 
privately owned land.
21 Relatively
narrow
A great amount of sediment 
is deposited in this area 
above a bedrock outcrop, 
causing aggradation, no 
major eroded bank.
Below Midas Cr. 
Confluence with a little 
tributary from left side.
22 Relatively
narrow
Left bank was substantially 
eroded by recent floods, 
and the land belongs to the 
Forest Service.
Below Midas Cr. SMZ 
may not be enough to 
prevent erosion.
23 wide
valley
becomes
narrow.
Great amount of sediment. 
Incised into bedrock and 
Braided channel. Flat flood 
plain with sparse 
vegetation.
The mouth of Bear Cr. LIO
?0
Table 4. Channel Morphology «t Each Ck»»  Section (See Figure 2&7)
Cross Section BFW (ft) BF0(ft) BFA(ff) FPW (ft) ER MD(ft) WDR S(ftfft) Stream Type Mined or Non-mlned
Howard (up) 16.67 1.43 14.3 22.24 1.3 0.86 19.38 0.044 F4 Mined
Howard (down) 17.83 1.62 17.58 26.08 1.5 0.99 18.01 0.032 83 Non
LI 7 31.27 2.48 44.8 44.47 1.4 1.43 21.87 ND B3 Non
LIS 36.57 2.63 60.24 46.08 1.3 1.65 22.16 0.011 F3 Non
L14 53.41 2.56 70.01 108.41 2.0 1.31 40.77 0.015 B3 Non
LI 3 34.82 2.15 46.68 91.4 2.6 1.43 24.35 0.013 04 Non
L12A 60.08 2.6 75.42 187.71 3.1 1.26 47.68 0.015 D3 Non
L12B 51.33 1.75 62.64 192.15 3.7 1.22 42.07 0.013 D3 Non
LI 20 44.75 2.05 55.53 132.5 3.0 1.24 36.09 0.015 D3 Non
L12A1 39.34 2.85 66.31 67.89 1.7 1.69 23.28 0.033 B3 Mined
L12A2 46.86 3.12 78.58 118.55 2.5 1.68 27.89 0.018 03 Mined
L110 62.08 2.3 86.27 152.85 2.5 1.39 44.66 0.023 03 Mined
L11B 86.06 2.8 117.23 142.98 1.7 1.36 63.3 0.015 D3 Mined
L11 95.11 3.2 140.13 246.33 2.6 1.47 64.70 0.019 D3 Non
L11A 44.69 2.85 76.36 600 13.4 1.71 26.13 0.014 D3 Non
LIO 125.76 2.6 180.31 251.84 2.0 143 87.94 0.015 D4 Mined
Note. BFW; Bankfull Width, BFD: Maximum Depth, BFA; Bankfull Area, FPW 
ER: Entrenchment Ratio, MD: Mean Depth, WDR: Width/Depth Ratio, and S: 
See (Rosgen, 1996 ) concerning stream types in detail.
: Flood-Prone Width, 
Water Surface Slope.
Table 5. Particle Size Distribution a t Each Cross Section (See Figure 2 & 8)
Cross Section P1S (mm) D3S (mm) DSO (mm) D84 (mm) D9S (mm) Mined or non-mined
Howard (up) 2.2 21.8 63 208.8 335.7 Mined
Howard (down) 31.9 62 81.1 137.1 208.3 Non
L17 7.6 32.2 70.2 200.8 366.9 Non
L15 27.7 62.1 88.1 301.1 503.9 Non
L14 13.4 50 3 64.8 126.1 196.9 Non
L13 23.1 51 61.4 120.7 181.1 Non
L12A 33.3 59.6 84.1 151.1 194.3 Non
LI 28 28.5 57.2 75.4 155.3 219.1 Non
L12C 37.8 67.9 101.5 236.2 415.9 Non
L12A1 58 123.2 162.9 336.8 498.5 Mined
L12A2 35.5 77.7 110.9 233.6 351.7 Mined
L11C 53.7 84.5 108.6 213.6 254.8 Mined
L11B 31.4 62.6 99 181.6 252 Mined
L11 30.3 83.1 111.5 329.9 505.6 Non
L11A 50.6 102 125.8 254.4 434.4 Non
LIO 16.7 43.1 58.1 119.2 217.3 Mined
Di: ith particle median axis for which i % of the particles are finer. 
Base on Wolman pebble count (Wolman, 1954)
Table 6-1. Relative Bed Stability at Each C ross Section
(Throne and Zevenbergen Equation). (See Figure 2 S 9)________
C ross Section Shield Criteria Discharge Criteria Water Surface Slope
Howard (up) 0 58 M E 0.044
Howard (down) 0.74 1 4 5 0.032
L15 1.74 7.17 0.011
L14 0.97 2.04 0.015
LI 3 1.06 2.33 0.013
L12A 1.27 3.34 0.015
L12B 1.4 4.3 0.013
L12C I Z l 6.76 0.015
L12A1 0.88 ZM. 0.033
L12A2 M l 2.9 0.018
L11C 0.99 2.55 0.023
L11B 1 ^ 4 0.015
L11 LM 4.79 0.019
L11A M S 5.21 0.014
L10 0.8 1.47 0.015
(Recommended processes to take values either Shield or Discharge Criteria by Olsen et al (1997) 
if S>or=0.02, take values only from Discharge Criteria, 
if S= or <0.0015, take values only from Shield Criteria, 
and If 0 0015<s<0 02, take values of Shield Criteria.
I took either value (underlined) following Olsen et al's recommendations)
Table 6-2. Relative Bed Stability a t Each C ross Section
C ross Section Shield Criteria Discharge Criteria Water Surface Slope
Howard (up) 0.58 154 0.044
Howard (down) 0.74 6.34 0.032
L15 174 5.79 0.011
L14 0.97 5.87 0.015
LI 3 1.06 3.96 0.013
L12A 1 2 7 4.11 0.015
L12B 1.41 3.38 0.013
L12C 172 8.26 0.015
L12A1 0.88 M l 0.033
L12A2 1.11 528 0.018
L11C 0.98 3.73 0.023
L11B 1.91 3.46 0.015
L11 1 3 3 7.2 0.019
L11A 1 5 5 3.04 0.014
LIO O J 2.49 0.015
if S>or=0.02, take values only from Discharge Criteria,
If S= or <0.0015, take values only from Shield Criteria, 
and If 0.0015<s<0.02, take values of Shield Criteria.
I took either value (underlined) following Olsen et al’s recommendations)
 Table 7. Pool SpacmB&Pod Pensif at Each SIream Reach. (See Rgu» 2 & 11)____________
Sbeam Reach Pod# Disteoe(IL) Pod Spacino(fL) Pod#/Mle U^asbeamorDosnebeam
L14 7 1,748 250 21 U|DStream
L12AtoL13 6 1,028 170 31 Upstream
L12CtoL12A 7 2,364 340 16 Upstream
LIIAtoLIIC 2 4,200 2100 2.5 Dowvnstream
LIO_____________ 2______1,527________ 760___________7____________ Downstream
UpstrearrFupstream above rrining sites. Downstream=dcwnstream belcw rrining sites
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Table 8. Description of Major Placers in the Upper Libby Creek Watershed from Upstream to
Name of Placer 
(Former Name)
Active
Time(niunber * 
indicates the 
Western News)
Location Area (processed 
areas* or areas a 
placer owned ) 
(number * 
indicates the 
Western News)
Processed 
Volume (cubic 
yards)
Comments
Liberty Placer 1932-1950(?) 
(Johns, 1970).
Above the 
confluence with 
Howard Cr.
1,564.36 acres 
(Griffith, 1948)
33,000(6/1- 
10/20,1939) 
(Johns, 1970) 
and 15,680 in 
1948
(Griffith, 1948)
Dredge and Dry­
land Dredge 
were used in 
1938 and 1939, 
respectively 
(Griffith, 1948)
Vaughan and 
Greenwell Placer 
(Bolyard Placer)
1889-1909, 
1914'* and the 
1930s.( Johns, 
1970)
Located on 
Howard Cr. and 
about 1 mile 
from the 
confluence with 
Libby Cr.
250 acres^* UnknoAvn A bulldozer was 
used to exjwse 
cemented tills. 
(Griffith, 1948)
Libby Placer 
(Brophy Placer)
1903-08’*, 
1911-12**, 
1914’* 1915, 
1931-32, and 
1939.
(Johns, 1970)
Located on Libby 
Cr. just above 
the mouth of 
Ramsey Cr.
15 acres*
( Johns, 1970)
Unknown
Howard Placer Between 1902 
and the 1930s 
(Miss, 1994)
Located on Libby 
Cr. between the 
mouth of 
Poorman Cr. and 
the mouth of 
Midas Cr. 
(White, 1999 
Pers. Comm.)
Unknown Unknown
Comet Placer 1908-1916 
(Johns, 1970)
Located on Little 
Cherry Cr.
Unknown 100,000 in 1911 
(Miss, 1994)
Red Gulch 
Placer
1931 and 1934 
(Johns, 1970)
Located on Libby 
Cr. near the 
mouth of Little 
Cherry Cr.
Unknown Unknown
Bear Creek 
Placer
1906^*, 1914- 
16’*, and 1922®*
Located on Libby 
Cr. just below 
the Red Gulch 
Placer
160 acres *̂ Unknown
Nugget Placer 1915, 1922'"*
1929-32,and
1939
(Johns, 1970)
Located on Libby 
Cr. about 1 mile 
below the mouth 
with Bear Cr.
Unknown Unknown
(Source: Johns, 1970; Griffith, 1948; Miss, 1994; The Western News; and White, Pers. Comm. 1999)
I * Brief Survey of Work to Be Opened Up On Some of the Quartz and Placer Properties in the Libby Mining District, (1914, March 12). 2* More 
Gold From Libby, (1904, August 25). 3* First Payment Made, (1902, December 11), Placer Operations for the Season, (1904, May 19), Gold from 
Libby Creek would Pay National Debt, (1908, June 4).
4* Mining Operations in Libby District, (1911, February 16), Libby Placers to Operate, (1912, March 28). 5* Libby Placers Soon to be Operated 
Soon, (1914, April 23). 6* Another Hydraulic Plant Going in (1906, February 22). 7* Dredge for Bear Creek Placers, (1914, October 8), Bear 
Creek Placer is now Operating (1915, August 12). 8* Logan to W ork Big Placers (1922, July 7). 9* Bear Creek Placer is now Operating (1915, 
August 12). 10* Mining Plarmed (1922, February 7)
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Table 9. Road Density of Sub-Watersheds of the Upper Libby Creek Watershed.
Sub'Watershed (Name 8c 
Number )
Area (mile^) Road Length (mile) Road Density (mile/mile^)
Libby Cr. (1101) 37 57.8 1.6
Libby Cr. (1102) 1.4 6.8 4.8
Libby Cr. (1104) 1.3 0.1 0.1
Crazyman Cr. (2601) 3.3 21 6.4
Bear Cr. (2701) 3.9 15.1 3.9
Bear Cr. (2702) 0.74 4.6 6.2
Bear Cr. (2703) 1.2 8 6.7
Bear Cr. (2704) 3.5 2.7 0.8
Cable Cr. (2801) 3.2 4.3 1.3
Little Cherry Cr. (2901) 2.6 11.6 4.5
Poorman Cr. (3001) 5.4 12.6 2.3
Ramsey Cr. (3101) 4.6 7.5 1.6
Howard Cr. (3201) 1.2 6 5
Howard Cr. (3202) 1.1 4.6 4.2
Howard Cr. (3203) 1.5 0.3 0.2
Midas Cr. (3301) 6 22.2 3.7
Hoodoo Cr. (3401) 3.5 22.3 6.4
Wilderness Area 8.5 0 0
Total 90 207.6 Average 2.5
Note. Since parts of sub-watershed (1103, 3102, 3002, 2802, and 2705 in Fig. 12) are included in Wilderness Area, no 
logging and road construction has occurred in these areas.
(Source: USDA Kootenai National Forest, 2000)
U
Table 10.
Historical Equivalent Clearcut Area (acre) and Estimated Peak Flow Increase (%) on the Upper 
Libby Creek W atershed Including All Sub-watersheds except Wilderness Area.
(See Figure 12)
Sub- W atershed 
(Name and 
Number)
1950s 1960s 1970s 1980s 1990s
L R L+R L R L+
R
L R L+
R
L R L+
R
L R L+
R
Libby Cr. (1101) 0 56 56 129 90 219 559 231 790 603 231 834 174 231 405
Libby Cr. (1102) 0 0 0 224 27 251 77 27 104 67 27 94 0 27 27
Libby Cr. (1104) 0 0 0 0 0 0 1 0.4 1.4 0 0,4 0.4 0 0.4 0.4
Crazyman Cr. 
(2601)
0 0 0 0 0 0 425 84 509 305 84 389 100 84 184
Bear Cr. (2701) 0 0 0 375 60 435 401 60 461 169 60 229 0 60 60
Bear Cr. (2702) 0 0 0 0 0 0 131 18.
4
149 79 18.4 97.
4
0 18 18
Bear Cr. (2703) 0 0 0 125 32 157 7 32 39 0 32 32 0 32 32
Bear Cr. (2704) 0 0 0 6 11 17 13 10 23 0 10.8 10.
8
0 10.8 10.8
Cable Cr. (2801) 2
7
17 44 0 17 17 66 17 83 22 17 39 0 17 17
Little Cherry Cr. 
(2901)
0 0 0 670 46 715 78 46 124 71 46 117 0 46 46
Poorman Cr. (3001) 1
0
4
16 120 219 50 269 118 50.
4
168 86 50 136 0 50 50
Ramsey (3101) 3 2 5 231 30 261 118 30 148 56 30 86 0 30 30
Howard Cr. (3201) 0 0 0 12 2 14.
4
121 24 145 20 24 44 0 24 24
Howard Cr. (3202) 0 0 0 0 0 0 58 18 76 44 18 62 0 18 18
Howard Cr. (3203) 0 0 0 0 0 0 0 0 0 31 1 32 0 1 1
Midas Cr. (3301) 0 0 0 159 20 179 609 89 698 124 89 213 181 89 270
Hoodoo Cr. (3401) 0 0 0 350 89 439 220 89 309 217 89 306 77 89 166
Each Total 1
3
4
92 225 249
9
476 297
5
300
2
828 383
1
189
4
830 272
4
532 830 136
2
Total ECA of ail 
sub-watershed on 
National Forest 
Lands
225 2,975 3,831 2724* 1,362*
ECA (on private 
land)
1,150 0 320 0 0
Total ECA (Forest 
and Private lands)
1,376 2,975 4,151 3,095(=2724+371) 1,362
ECA (%)
(ECA /  Watershed 
Area (52,OOOacres))
2.6% 5.7% 8% 6% 2.6%
Estimated Peak 
Flow Increase (%)
0.85 1.9 2.6 1.9 0.85
S5
L — ECA iirom logging, R — ECA from road constriction, and L+R= ECA from logging and road construction.
Note. Since parts of sub-watersheds (1103, 3102, 3002, 2802, and 2705 in Fig. 12) are included in Wilderness Area, 
no logging and road construction has occurred in these areas. Thus, Table 10 doesn’t include these areas.
The ECA from logging in the 1950s (1284=1376-92) disappears in the 1960s, since 378 ECA recovery on average per 
year (378 times 10=3780). The ECA from logging in the 1960s (2499=2975-476) also disappears in the 1970s by the 
same reason. The ECA from logging in the 1970s decreases to 371 ECA (378 times 10 =3780. 4151-3780 =371). The 
371 ECA is added to the ECA in the 1980 (2724+371=3095). The ECA from logging in the 1980s (2265=3095-830) 
disappears in the 1990s by the same reason.
(* indicates that these numbers include the ECA from logging on the Kootenai National Forest and the ECA from 
logging on private land)
(Source for ECA from logging: USDA Kootenai National Forest, 2000)
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APPENDIX- (1) Cross Section, Longitudinal Profile, and Pebble Count Data 
(see Figure 2 concerning these data)
Howard Cr. (upstream)
(about 150m downstream from a bridge) 
date 10/30/99
Station Elevation
0 99.43
3 99.05
8 97.55
10 96.55
15 96.05
20 95.35
22 95.25 edge of bank
24 94.35 BF
27 93.3 edge of water
29 92.92 TW
33 93.4
37 94.05 BF
38 95.35 edge of bank
40 96.1
45.5 
left pin=100
96.8
Howard Cr.(downstream)
(located about 100m upstream from the confluence with Libby Cr.) 
date 10/30/99
Station Elevation
0 99.42
4 99.07
6 98.61
7 98.11 edge
7.5 97.35 BF
8 96.9 edge
11 96.25 TW
15 96.6
21 97.14 edge
25 97.87 BF
26 99.42
28 100.8
Left pin=100
Right pin= 101.11
Station; distance (feet) from left pin. Elevation: relative elevation (feet) to left pin.
RS
Upper Libby Cr. Xsec. L15 
(located above Gold Panning Area) 
Date: 8/11/99
Station Elevation
0 99.47
2 99.17
4 98.89
5 98.43
7.3 96 BF
12 95.54
15 94.72 Edge of water
23 94.27
30 93.97
34 93.8
38 93.47
42 93.37 TW
43 93.77
43.5 95.72
45 96.85
47 97.54
50 98.52
52 98.86 Right pin
56 99.19
61 99.55
74
Left pin =  100
99.92
Upper Libby Cr. Xsec. LI 7
(located 100ft upstream of road # 6207
Date: 7/27/99
station elavation
0 99.06
2 97.86
4 96.76
7 95.46
10 94.96 Spring
12 95.16 BF
15 94.31 edge of water
18 93.86
22 92.86 TW
26 93.26
30 93.36 behind boulder
32 93.46
34 93.66
38 94.42 edge of water
39 95.34 BF
41 96.06
45 97.16
46 97.46
48.3
Left pin =  100
98.96 right pin
SQ
upper Libby Cr. Xsec. L14 
(located in Gold Panning Area)
Upper Libby Cr. Xsec. L13
(located above the confluence with Howard Cr.)
Date: 8/11/99
Station Elevation
-82 100.5
-62 100.2
-51 99.8
-31 99.53
-22 99.98
-5 99.94
0 99.64
8 99.94
10 99.76
13 98.34
14 97.96
16 96.76
18 96.94
20 96.57
29 96.26
34 95.99
38 95.42
42 95.4
47.5 96.46
50.4 97.93
50.7 98.48
56 98.5
62 98.22
68 98.93
74 97.16
83 97.5
87 97.65
96 99.82
101 101.15
106 100.17
114 100.2
120 99.93
Left pin =  100
BF
Edge of water
TW
BF
Station Elevation Date 8/99
0 99.6
2 100.5
4 99.65
9 99.5
11 97.05 BF
13 96.25 edge of water
17 95.8
20 95.4
22 95.1 TW
26 95.4
30 95.5
33 95.55
36.5 96.35 edge of water
38 97.25 BF
44 97.85
54 98.05
62 98.8
68 98.15
78 97.55
86 97.75
90 97.55
92 96.6
95 96.1
98 96.55
99 99
104 100.35
109 100.7 right pin
left pin=100
qn
upper Libby Cr. Xsec. L12A
(located below the confluence with Howard Or.)
Station Elevation Date:8/99
0 100.55 Veg.
6 100.8 Veg.
10 100.6 Veg.
15 99.2 Veg.
18 99 Veg.
21 100.1 Veg.
25 99.9 Veg.
31 98.7 Veg.
40 99.1 Veg.
48 98.7 Veg.
52 99.5 gravel
60 99.6 gravel
66 98.75 BF
69 97.7
78 97.8
84 97.5
87 97 edge of water
89 96.1
96 96.1 TW
102 96.2
106 96.3 Mid channel Bar
107 96.6
109 96 Bar edge
111 95.7
114 95.4 TW side
117 95.6
119 96.32 edge of water
122 97.2
129 98.1 BF
131 98.8
133 99.9 Veg.
140 99.6 Veg.
146 99.3 Veg.
152 99.2 right pin
214 101.15
upper Libby Cr. Xsec. L12B
(located below the confluence with Howard Cr.)
Station Elevation Date:8/99
0 99.23
5 99.33
8 98.83
19 98.88
28 98.98
31 98.33
32 97.63 BF
34 96.71 edge of water
37 96.33
42 96.13
46 96.03
50 95.88 TW
55 96.03
60 96.13
64 96.13
70 96.43
74 96.43 edge of water
79 97.53 BF
86 97.83
96 98.03
102 97.73
108 98.33
121 98.13
130 97.53
134 98.33
140 99.43
148 99.33
152 99.13
174 99.53
188 99.03 right pin
202 97.73 old mining ditch
212 100.13 edge of the ditch
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upper Libby Cr. Xsec. L12C
(located below the confluence with Howard Cr.)
Station Elevation Date 8/99
0 99.4
4 99.55
9 99.35
12 99.1 edge of bank
13 97.3 BF
14 96.45 edge of water
16 95.75
19 95.7 TW
22 95.9
26 96.5 edge of water
31 96.85
35 97 4 BF
38 98.45 gravel bar
42 98.95 gravel bar
47 98.45
49 99.45 edge of veg. Gravel bar
60 99.65
76 99.05 edge of gravel bar
81 98.75
82 97.95 BF
86 97.3 edge of water
89 96.75
92 96.05
96 96.05
99 95.85 TW
102 96.65
104 97.4 edge of water
106 98.35 BF
109 98.65
115 97.95
122 99.45
134 99.85 right pin
91
Libby Cf .Xsec. 12-A-1 (upstream)
(located upstream from the confluence with Ramsey Cr.)
date 10/30/99
Station Elevation
0 99.01
3 98.2
6.5 97.36
7 96.4
12 94.85
13 93.55
18 93.05
24 92.65
27 92.05
29 92.65
33 93.57
39 92.55
41 91,75
47 90.55
51 90.6
56 90.45
61 89.95
65 89.7
70 90.9
73 91.75
78 95.15
81 99.03
80 99.45
86 99.65
103 99.5
left pin=100
side channel
BF
Edge of water
TW
Edge of water
Q4.
Libby Cr.Xsec. L12-A-2(downstream)
(located upstream from the confluence with Ramsey Cr.) 
date 10/30/99
(left pin is located at the top of a mining tailing)
Station Elevation
0 99.73
12 97.46
22 92.88
30 89.01
39 88.49
44 88.08
51 87.06
56 86.58
62 86.93
69 86.11
75 86.14
79 85.36
86 84.96
90 87.21
92 89.23
98 89.76
104 89.52
109 91.67
112 91.91
115 91.43
120 90.23
124 88.96
134 89.06
143 90.01
152 91.16
153.5 91.96
left pin=100
right pin=92.56
BF
Edge of water
TW
Edge of water
Upper Libby Cr Xsec. L110
(located near an old bridge washed away)
Date:8/5/99
Station Elevation
0 99.6 next to left pin
7 98.6
14 97.8
19 98.6
31 99.6
36 97.5
42 97.5
50 97.7
53 96.4 BF
56 95.3 edge of water
60 94.7
64 94.5
69 94.2 TW
73 94.7
75 94.3
81 94.4
85 94.3
91 94.5
95 95.3 edge of water
98 95.5
101 96.4 BF
109 98 gravel bar
116 98
123 97.8
127 96.9
129 96.6 side channel
134 96.2
142 96.8
149 96.1
151 96.6
152 97.9
157 97.4
161 99.5
168 101.2 mining tailings and
188 97.1
levee
197 97.2 right pin (ground)
Left pin=100
9A
Upper Libby Cr. Xsec.L11B
(Located near the confluence with Poorman Cr.)
Date: 8/5/99
station elevation
0 99.7 next to right pin
9 98.3
24 98.5 edge of bank
26 92.4 BF
27 91.7
30 91.7
39 92.1
46 92.3
55 91.4 edge of water
64 91
70 90.8
73 89.9
77 89.8 TW
82 90.1
87 90.6
91 91.25 edge of water
94 91.5 gravel bar
100 91.3
105 91.2
108 90.7
112 92.6 BF
113 93.5 left bank
125 94.6 cottenwood
158 94.2
168 94.8
173 94.7 left pin (ground)
185 93.8
198 93
204 93.16
208 92.16
218 92.16
236 92.66
250 92.66
261 92-46
272 91.46
275 92.36
286 95.36
right pin= 100
97
upper Libby Cr. Xsec.L11
(iocated near the confluence with the Midas Cr.)
Date: 8/4/99 
station elevation
9 99.94 next to left pin
3 99.94
5 98.59
9 95.94
11 93.84 BF
12 91.99 edge of water
17 90.94
20 90.94
23 90.64 TW
27 90.64
30 90.94
36 90.94
40 91.34
43 91.74
47 91.74
52 92.14 edge of water
56 92.44
61 93.14
65 93.29
68 9 3 6 4
73 93.34
78 94.44
88 94.44
93 93.84 dry channel
100 93.34 dry channel
106 93.24 dry channel
110 93.84 dry channel
113 95.54
115 96.64
124 96.34
131 96.44 edge of willow
148 96.14 wiUows
154 96.34 willows
164 94.84 willows
173 96.04 willows
185 95.84 willows
192 94.74 willows
200 94.34 edgeofW low
210 95.94
220 95.94
229 95.54
238 95.64
243 95,04
245 93.44 edge of water
249 92.39 TW(side cham
255 93.34 edge water
259 93.94
266 94.74
272 94.54
273 96.04
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(continue)
274 97.54
276 99.44
281 99.84
291 100.9
Leftpin*100
pin right
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Upper Libby Cr. Xsec.L11A
<4ocated below the confluence with Midas Cr.)
Date:
8/4/99
0 99.18 next to left pin
7 99.96
16 99.46
28 98.76
42 98.76
45 68.36 edge of terrace
48 9 5 2 6
50 94.56
64 94.66
72 94.66
76 95.06
90 94.86
106 95.16
118 95.06
130 95.36
136 95.26 gravel bar
146 94 BF
151 9 2 9 2  edge of water
154 92.46
157 91.76
160 9 1 ^ 6  TW
162 91.06
165 91.56
169 91.56
175 91.76
181 92.36
188 92.91 edge of water
191 93.84 BF
194 95.76
205 95.56 edge of oottenwood
214 94.96
219 94.16
223 93.86
235 93.06
244 92.96
249 9 3 2 6
262 5 93.56 next to right pin
286 93.46
299 92.46
305 93.66
311 95.16
320 94.33
328 93.43
339 93.53
356 9 2 1 3
366 9 1 9 6
381 89.56
392 89.86
406 88.46
413 89.26
425 89.96
(continue)
431 69:76
434 91.56
445 90.66
4 5 t 90.16
461 90.36
509 90.46
514 88.76
521 89 06
527 88.96
539 91.06
left
pin=100
101
Xsec.LIO
Oust below the confluence with BearCr.) 
date; 7/17/99 
station Elevation
0 99.76 Nextto left 
pin
T 99.2T
16 98.32
25 100.42
36 100.82
44 100.37
48 98.52
50 96.86 BF
57 95.77
63 94.92 Side channel edge of water
68 94.82
80 94.52
89 94.22
93 93.72
98 94.37 Side channel edge of water
100 95.32
103 96.02
120 96.72
128 95.62
137 95.32
143 96.52
167 96.92
ITT 97.72
184 98.42
198 98.22
222 9T.62
234 97.42
238 96.62 BF
241 95.37 (main channel edge of water)
244 94.82
254 94.72
262 94.32
266 94.02
273 93.72
274 93.72 TW
279 93.72
284 94.52
285 95.32 (main channel edge of water)
290 96.72 BF
292 102.82
298 T02.72
308 101.12 Next to 
right pin
1 —100
Upper Libby Cr* Longitudinal Profile 
(near Bear Cr.
Confluence) 
date; 7/27/99
station Water S u r^ce Thalweg
0
15 101.95
46 103.45 102.45
111 104.55 102.5
150 105.75 103.95
181 107.3 105.75
220 108.8 107.7
288 110.25 108.55
390 111.88 110.7
582 114.67 112.67 XsecLIO
678 116.27 114.77
836 117.23 115 67
916 118 47 116.47
935 118.52 116.87
980 119.87 118.47 Bear Cr. Confluence
1010 12007 118.37
1060 120.53 119.07
1092 120.67 118.07
1107 120.62 116.62
1156 121.42 119.97
1242 123.07 121-37
1412 125.25 123.95
1426 125.25 121.25
1465 126.09 124-97
1573 128.77 127.87
10?
Upper Libby Cr. Longitudinal profile
{from L11A through L11 to LI IB) 6/9/1999
Station Water Surface Thalweg
0 92.95 90.97
90 93.22 9L72
179 95.52 94.32
277 9 8 9 2 97.47
423 100.51 96.91
524 103.66 102.66
642 104.54 103.1
995 104.55 102.55
718 104.57 102.45
737 10498 102.3
766 105.07 103.17
911 108.77 107.37
981 109.41 107.91
1079 110.13 109.23
1152 111.38 109.98
1190 111.66 111.16
1291 113.52 112.02
1365 116.66 115.66
1456 117.6 115.9
1500 118.15 119.45
1589 120.25 118.25
1632 12128 120.08
1750 122.61 121.31
1861 123.62 122.12
1891 12493 122.93
2022 126.45 125.45
2147 12892 127.13
2244 131.18 130.08
2351 132.44 132.04
X L-11-A
X. L-11
X.L11B
(L11A left pin=100)
Upper Libby Cr. Longitudinal Profile
(from L12C*L12B- L12A)
Station Water Surface Thalweg
0 96.48 95.68 Xsec.L12C
62 97.73 97.11
125 98.46 97.83
197 100.44 98.41
235 100.45 95.31
288 101.24 99.16
308 101.81
400 102.71 101.34
445 102.87 100.03
464 102.8 101.43
492 103.48 101.95
619 107.73 106.61
674 108.58 106.75
714 109.27 106.56
740 109.52 107.05
785 111.48 110.58
827 111.71 111.48
866 112.27 109.97
985 115.1 113.82
1157 116.97 116.27 Xsec.L12B
1216 117.58 115.9
1258 116.3 114.1
1278 118.08 116.43
1425 121.09 119.98
1567 122.98 121.66
1724 124.9 123.44
1809 126.28 124.76
1862 126.41 123.61
1888 126.58 125.51
2047 129.46 128.11
2097 129.56 128.31
2178 131.86 130.41
2298 132.34 130.24
2364 134.97 134.04 Xsec.L12A
Xsec.L12C left pin=100
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Libby Cr. Longitudinal Profile
(from L12A to L13) 8/1999
Station Water Surface Thalweg
0 Xsec.L12A
146 99.28 98.13
166 99.66 98.14
180 100.76 99.93
291 101.77
347 103.88 102.66
418 106.23 104.98
497 109.05 108.19
555 111.84
578 111.98 110.92
604 112 109.15
622 112.72 111.97
685 113.22 111.86
713 114.1 110.32
719 114.15 113.04
837 117.91 115.37
861 118.3 114.86
886 119.83 119.02
910 120.03 117.1
926 123.91 122.37
958 124.76 123.66
980 124.52 122.18
991 125.3 123.6
1070 128.05 126.94
1107 128.21 125.35
1115 127.39 127.22
1192 129.89 128 95 Xsec. LI 3
Xsec.L12A left pin=100
106
Upper Libby Cr. Longitudinal profile
(from Gold Panning Bridge to L14)
Station Water Surface Thalweg
0 91.69 90.69
96 94.03 93.23
159 96.06 94.36
202 96.63 95.43
251 97.69 96.69
324 98.66 97.66
336 98.67 96.67
351 99.64 98.74
468 103.52 102.52
595 104.85 103.95
672 106.2 105
687 106.6 105.5
717 106.66 104.96
734 107.02 105.52
737 108 107
792 109.52 108.12
817 109.54 107.54
853 111.02 109.02
910 112.43 110.83
919 112.59 110.59
941 113.04 111.64
951 113.9 112.9
974 114.09 112.39
991 114.05 112.45
1057 116.45 114.85
1100 117.97 116.47
1118 118.18 117.08
1137 118.29 117.09
1155 118.34 115.34
1165 118.36 117.86
1255 121.71 120.71
1278 122.66 121.66
1297 122.66 118.66
1299 122.66 120.66
1362 124.42 123.22
1459 126.54 125.74
1492 127.28 126.38
1547 128.1 127.1
1568 128.13 125.48
1592 128.15 125.15
1615 128.41 127.21
1635 128.88 127.58
1718 132.73 130.83
1748 133.22 132.22
bridge
Xsec. L-14
Upstream right concrete elevation of the bridge =100
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P eb b le  C o u n t S um m ary  a t  E ach  C ro ss-S ec tio n  In 1999.
X sec . D ate A B c D E F G H 1 J K L M N O P Q R S T U V W Total
Ho. (up) 10/30 0 0 8 3 4 1 7 3 3 1 5 6 1 6 9 10 8 17 10 8 2 1 0 113
Ho. (down) 10/30 0 0 1 0 0 0 0 1 2 1 1 2 8 6 17 24 24 12 6 1 0 0 0 106
L17 7/27 0 7 1 1 1 1 1 1 4 2 6 7 6 8 6 11 12 15 10 4 4 1 0 109
L15 8/11 1 0 1 0 0 0 0 1 1 3 1 4 9 5 14 19 14 13 4 6 9 4 1 110
L14 8/11 0 1 2 0 0 0 1 1 1 6 5 1 8 4 16 16 17 9 4 0 1 0 0 93
LI 3 10/30 0 0 1 1 1 1 0 0 2 3 2 6 7 8 24 14 22 8 4 0 0 0 0 104
L12A 8/13 0 0 0 0 1 2 1 0 1 0 3 4 4 13 15 20 24 21 6 0 0 0 0 115
L12B 8/13 1 1 2 1 1 0 0 1 0 2 0 5 8 9 21 26 17 21 6 3 0 0 0 125
L12C 8/13 0 0 0 0 1 3 1 3 0 0 0 2 5 11 17 17 26 16 10 9 6 0 0 127
L12A1 10/30 0 0 0 0 0 1 1 0 0 0 1 2 2 3 6 7 11 21 15 12 7 3 1 93
L12A2 10/30 0 0 0 0 1 0 0 0 0 0 3 4 7 11 8 16 19 18 19 9 3 1 0 119
L11C 8/5 0 0 0 0 0 0 0 0 0 2 0 0 5 5 10 22 21 17 19 4 1 0 0 106
L11B 8/10 0 0 0 1 1 1 0 1 1 1 1 5 5 8 15 13 23 20 10 2 2 1 0 111
L11 8/10 0 0 0 0 1 2 1 0 0 1 4 3 5 4 10 10 24 8 10 11 8 5 0 107
L11A 8/10 3 0 1 0 2 0 0 0 1 1 0 4 2 8 11 16 33 26 27 14 7 4 0 160
L10 7/27 0 0 0 2 0 2 0 0 0 5 8 5 5 19 19 22 15 7 5 2 0 1 0 117
A=<.062, B=.062-.125, C=. 125- 25, D=.25-.5, E=.5-1, F=1-2, G=2-4 
K=11 3-16, L=16-22.6, M=22.6-32, N=32-45, 0=45-64, P=64-90, Q 
7=256-362, U=362-512, V=512-1024, W=1024-2048.
Ho.=Howard Creek. Other site names are defined on Figure 2.
, H=4-5.7, l=5.7-8, J=8-11.3 
90-128, R=128-180, 8=180-256
loe
APPENDIX (2) Pictures taken along Libby Creek.
Picture number (1 to 49) corresponds to the picture number in Table 3.
Picture 1. Howard Creek (up) looking downstream.
%
Picture 2. Howard Creek (up) looking upstream.
Picture 3. Howard Creek (up) looking at left bank.
Picture 4. Howard Creek (up) looking at right bank.
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Picture 5. Howard Creek (down) looking downstream
Picture 6. Howard Creek (down) looking upstream
Picture 7. Howard Creek (down) looking at left bank
Picture 8. Howard Creek (down) looking at right bank
All of these pictures were taken on 10/1999.
1 1 0
Picture 9.
Picture 10
Picture 11.
Picture 12.
I l l
Picture 13.
_ Looking
Picture 14.
1 1 2
Picture 15.
Picture 16.
X s e c  L13 
Looking @  Right  Ba nk
Picture 17.
i n
Picture 18.
Picture 19.
Picture 20.
X s e c  L 12 (a)  
Look ing -.Right B ank
Picture 21.
IS
114
Picture 22.
Picture 23
Picture 24.
115
Picture 25.
Xsec 12(c;
I S
Picture 26.
Xsec. L 12(c) 
L o o k in g  (g) RighLE
'L. # 1
Picture 27.
Picture 28.
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Picture 29. Libby Creek L12A1 looking downstream
Picture 30. Libby Creek L12A1 looking upstream. 
Note that right bank is an eroded mining tailing.
Picture 31. Libby Creek L12A1 looking at left bank
Picture 32. Libby Creek L12A1 looking at right bank (mining tailing)
(All of these pictures were taken on 10/1999)
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Picture 33. Libby Creek L12A2 looking downstream 
Note that mining tailings on the left bank are being eroded.
Picture 34. Libby Creek L12A2 looking upstream
Picture 35. Libby Creek L12A2 looking at left bank
Picture 36. Libby Creek L12A2 looking at right bank
(All of the pictures were taken on 10/1999)
1 1 8
Picture 37. Xsection LU C  downstream, right bank, and upstream, respectively.
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Picture 38.
1 2 0
Picture 39.
i i f c ?
Picture 40.
Picture 41.
ÿ  Xse^c L11/B)
/ l_ o o k in ^ '@  B a n k
Picture 42.
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Picture 43
A sec;
Picture 44
Picture 45.
M2
Picture 46.
Picture 47.
Picture 48.
X sec,.L l1(a)  
Lookmg @ Right B.apk-' -
Picture 49.
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APPENDIX (3) Oldest Pictures of Upper Libby Creek (1933).
Picture 50. Note mining activities on Little Cheery Creek 
(see arrow) and thick riparian vegetation along Libby Creek. 
(Courtesy o f Kootenai National Forest Service).
Picture 51. Note mining activities at Libby Placer (see arrow). 
(Courtesy o f Kootenai National Forest Service).
Picture 52 . Note mining activities below Howard Lake (see arrow). 
(Courtesy o f Kootenai National Forest Service).
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APPENDIX (4) Howard Placer and Liberty Placer.
Picture 53. Howard Placer located near the mouth o f Poorman Creek. Note that right 
bank o f Libby Creek was totally devastated by hydraulic mining, resulting in large pile o f  
tailing.
(Courtesy o f  Mark J. White)
m
/  - , • - V
Picture 54. Hydraulic mining at Liberty Placer. 
(Courtesy o f Mark J. White)
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APPENDIX (5) Upper Libby Creek Aerial Photos taken in 1947, 1958, 1963, 1974, 
1982, and 1998. (Courtesy o f Kootenai National Forest Service)
Picture 55. Note significant sedimentation fi*om Libby Placer (arrow), but no significance sedimentation 
fi*om Liberty Placer (upstream). (1949)
Picture 56 Note riparian logging on private lands in the 1950s 
along Libby Creek. Stream channel began to braid and widen. (1958)
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Ü œ
Picture 57. Note mining activities and riparian logging near present Gold Panning Area 
(1958]
Picture 58. Note mining activities and riparian logging near present Gold Panning Area 
(1963)
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Picture 59. Note that mining tailings at Libby Placer (arrow) began to be covered with trees. 
(1963)
Picture 60. Note that Libby Creek channel width increased and became braided. 
(1963)
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Picture 61. Note upland logging in the 1970s.
Riparian vegetation began to recover along Libby Creek. 
(1974)
Picture 62, Note that stretch below Libby Placer (arrow) became braided and wide, 
but the stretch above the placer seems relatively stable.
(1974)
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Picture 63, Note that the stretch above Libby Placer (arrow), where logging occurred in 1950s, became 
braided and wide.
(1982)
Picture 64. Note significant difference in stream width below Libby Placer (arrow). 
(1982)
n o
Picture 65. The stretch below Libby Placer (arrow). (1992)
16. ^ /  611140  /  1592-215
' y  r
y
Picture 66. Present Gold Panning Area. (1992)
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Picture 67. Note braided and wide Libby Creek and logging activities on upland. 
(1998)
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